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DISPLAY DEVICE AND MANUFACTURING
METHOD THEREOF

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an object, a method, or a
manufacturing method. The present invention relates to a
semiconductor device, a display device, a light-emitting
device, or a manufacturing method thereof, for example. In
particular, the present invention relates to a semiconductor
device including an oxide semiconductor, a display device
including an oxide semiconductor, or a light-emitting device
including an oxide semiconductor, for example. Alterna-
tively, the present invention relates to a display device for
displaying an image.

2. Description of the Related Art

A variety of portable electronic devices, such as a cell
phone, a smartphone, a personal computer, a tablet terminal,
a portable game machine, and a portable music player, have
recently come into widespread use.

In the display portion, a light-emitting device including a
light-emitting element, a liquid crystal display device, an
electronic paper performing display by an electrophoretic
method or an electronic liquid powder method, or the like can
be typically used.

For example, research and development of light-emitting
elements using electroluminescence (EL) have been actively
carried out. In a basic structure of such a light-emitting ele-
ment, a layer containing a substance with a light-emitting
property is interposed between a pair of electrodes. By apply-
ing a voltage to this element, light emission can be obtained
from the light-emitting substance.

Since the above light-emitting element is a self-luminous
type, a light-emitting device using this light-emitting element
has advantages such as high visibility, no necessity of a back-
light, low power consumption, and the like. Further, such a
light-emitting element also has advantages in that the element
can be formed to be thin and lightweight and that response
time is high.

In order to improve flexibility and impact resistance in
addition to its thinness and lightness, a flexible substrate has
been proposed to be used in a light-emitting device including
the light-emitting element.

Further, as a transistor for driving a display element of a
display device, a transistor using a semiconductor thin film
which is formed over a substrate having an insulating surface
is widely used. A silicon-based semiconductor material is
widely known as a material for a semiconductor thin film
applicable to such a transistor. In recent years, an oxide semi-
conductor has attracted attention.

Examples of such a transistor include a transistor in which
zinc oxide (ZnO) is used as an oxide semiconductor and a
transistor in which InGaO,(Zn0),, is used as an oxide semi-
conductor. A technique in which a switching element, such as
atransistor, in which a channel formation region is formed in
an oxide semiconductor film, is used for manufacturing an
active matrix display device has also been developed.

For example, in Patent Document 1 and Patent Document
2, a display device in which a transistor including an oxide
semiconductor in a channel formation region is used for con-
trolling a display element is described. The transistor includ-
ing the oxide semiconductor in the channel formation region
has many advantages in that the transistor has higher field-
effect mobility than a transistor using amorphous silicon
which is widely spread, can be manufactured with a higher
throughput and at lower cost than a transistor using polycrys-
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2

talline silicon, has extremely low off-state leakage current,
and has excellent switching characteristics.

REFERENCE
Patent Document

[Patent Document 1] Japanese Published Patent Application
No. 2007-123861

[Patent Document 2] Japanese Published Patent Application
No. 2007-165861.

SUMMARY OF THE INVENTION

However, there has been a problem in that the long-term
reliability of the conventional display device is not suffi-
ciently secured. In the conventional display device, a display
region is provided between a pair of substrates and a sealant
is provided between the substrates so as to surround the
display region in order to attach the substrates, whereby a
display element is sealed. Note that in the case where mois-
ture such as water enters from the outside to the inside of the
sealed region, characteristics of the display element and a
transistor for driving the display element are degraded and
destruction of the element and operation defects may occur.

In particular, in the case where a pair of flexible substrates
is used, by the curving of the substrates once or plural times,
the sealing capability is degraded and the reliability may be
further decreased.

Further, portable electronic appliances and the like having
a larger display portion has been desired. The display device
generally includes the display region and a peripheral region
(also referred to as a frame) and the size of the peripheral
region is preferably small. When the size of the peripheral
region is large, occupied area of the display region in the
substrate area is small; thus, a display portion in the display
device becomes small.

Thus, an object of one embodiment of the present invention
is to provide a display device in which reliability of a display
element is improved.

Another object of one embodiment of the present invention
is to provide a display device in which reliability of a transis-
tor is improved.

Another object of one embodiment of the present invention
is to provide a display device in which an increase in an area
of a periphery region is suppressed.

Another object of one embodiment of the present invention
is to provide a method for manufacturing the display device in
which reliability of a display element is improved.

Another object of one embodiment of the present invention
is to provide a method for manufacturing the display device in
which reliability of a transistor is improved.

Another object of one embodiment of the present invention
is to provide a method for manufacturing the display device in
which an increase in an area of a periphery region is sup-
pressed.

Another object of one embodiment of the present invention
is to provide a semiconductor device or the like with low
off-state current. Another object of one embodiment of the
present invention is to provide a semiconductor device or the
like with low power consumption. Another object of one
embodiment of the present invention is to provide an eye-
friendly display device or the like. Another object of one
embodiment of the present invention is to provide a semicon-
ductor device or the like using a transparent semiconductor
layer. Another object of one embodiment of the present inven-
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tion is to provide a semiconductor device or the like using a
semiconductor layer with high reliability.

Note that in one embodiment of the present invention, it is
only necessary that at least one of the above objects is
achieved.

Thus, one embodiment of the present invention is a display
device including a display region including a display element
between a first flexible substrate and a second flexible sub-
strate. The display region is surrounded by a first continuous
sealant, the first sealant is surrounded by a second continuous
sealant, and the second sealant is provided between the first
substrate and the second substrate and on at least one of a side
surface of the first substrate and a side surface of the second
substrate.

Here, the second sealant has a function of preventing or
suppressing entry of substances which are to be impurities
(such as water) from the outside to the display element or a
transistor. Note that the second sealant may have other func-
tions. For example, the second sealant may have functions of
reinforcing the structure, enhancing the adhesiveness,
enhancing impact resistance, and the like.

In this specification, a “substrate having flexibility” and a
“flexible substrate” refers to a substrate which has a property
of being curved. Thus, in the case where a manufactured
display device is set to a fixed curved shape, a substrate using
for the display device is not excluded from a “substrate having
flexibility” or a “flexible substrate”.

Further, in this specification, a “continuous” sealant or
member included in the sealant indicates that the sealant or
the member included in the sealant is continuous so as to form
a closed loop, whereby entry of contaminant from the outside
can be prevented or suppressed. Thus, in the step of forming
a sealant or a member included in the sealant, even if the
sealant or the member is formed intermittently or partly, a
“continuous” sealant or the member may be formed finally,
and even if the sealant and the member included in the sealant
have a separated shape, a “continuous” part may be included
as a whole.

Further, one embodiment of the present invention is a
method for manufacturing a display device including the
steps of forming a first continuous sealant surrounding a
display region over a first flexible substrate, bonding a second
flexible substrate to the first substrate with the first sealant,
and forming a second continuous sealant surrounding the first
sealant in a gap between the first substrate and the second
substrate and on at least one of a side surface of the first
substrate and a side surface of the second substrate.

According to one embodiment of the present invention, a
display device in which reliability of a display element is
improved can be provided.

According to one embodiment of the present invention, a
display device in which reliability of a transistor is improved
can be provided.

According to one embodiment of the present invention, a
display device in which an increase in an area of a periphery
region is suppressed can be provided.

According to one embodiment of the present invention, a
method for manufacturing the display device in which reli-
ability of a display element is improved can be provided.

According to one embodiment of the present invention, a
method for manufacturing the display device in which reli-
ability of a transistor is improved can be provided.

According to one embodiment of the present invention, a
method for manufacturing the display device in which an
increase in an area of a periphery region is suppressed can be
provided.
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BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings:

FIGS. 1A and 1B are a perspective view and a plan view
illustrating one embodiment of a display device;

FIGS. 2A to 2C are cross-sectional views each illustrating
one embodiment of a display device;

FIG. 3 is a cross-sectional view illustrating one embodi-
ment of a display device;

FIGS. 4A to 4D illustrate an example of a method for
manufacturing a display device;

FIGS. 5A to 5C illustrate an example of a method for
manufacturing a display device;

FIGS. 6A and 6B are a perspective view and a plan view
illustrating one embodiment of a display device;

FIGS. 7A to 7C are cross-sectional views each illustrating
one embodiment of a display device;

FIG. 8 is a cross-sectional view illustrating one embodi-
ment of a display device;

FIGS. 9A to 9D illustrate an example of a method for
manufacturing a display device;

FIGS. 10A to 10C illustrate an example of a method for
manufacturing a display device;

FIGS. 11A to 11C illustrate an example of a method for
manufacturing a display device;

FIG. 12 is a cross-sectional view illustrating one embodi-
ment of a display device;

FIG. 13 is a cross-sectional view illustrating one embodi-
ment of a display device;

FIGS. 14A and 14B each illustrate a light-emitting element
of'a display device;

FIGS. 15A to 15C each illustrate an electronic appliance;
and

FIGS. 16A to 16C each illustrate an electronic appliance.

DETAILED DESCRIPTION OF THE INVENTION

Hereinafter, embodiments will be described with reference
to drawings. However, the embodiments can be implemented
with various modes. It will be readily appreciated by those
skilled in the art that modes and details can be changed in
various ways without departing from the spirit and scope of
the present invention. Thus, the present invention should not
be interpreted as being limited to the following description of
the embodiments.

Note that in each drawing described in this specification,
the size, the film thickness, or the region of each component
is exaggerated for clarity in some cases. Therefore, embodi-
ments of the present invention are not limited to such scales.

Note that the ordinal numbers such as “first” and “second”
in this specification and the like are used for convenience and
do not denote the order of steps or the stacking order oflayers.
In addition, the ordinal numbers in this specification do not
denote particular names which specify the present invention.

In this specification, a term “parallel” indicates that the
angle formed between two straight lines is greater than or
equal to —10° and less than or equal to 10°, and accordingly
also includes the case where the angle is greater than or equal
to —5° and less than or equal to 5°. In addition, a term “per-
pendicular” indicates that the angle formed between two
straight lines is greater than or equal to 80° and less than or
equal to 100°, and accordingly includes the case where the
angle is greater than or equal to 85° and less than or equal to
95°.
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In this specification, the trigonal and rhombohedral crystal
systems are included in the hexagonal crystal system.

Embodiment 1

In this embodiment, one embodiment of a display device
according to the present invention is described with reference
to FIGS. 1A and 1B, FIGS. 2A to 2C, and FIG. 3.

FIG. 1A is a bird’s-eye perspective view of one embodi-
ment of a display device according to the present invention. A
display device 100 includes a flexible substrate 101, a flexible
substrate 102 which is provided to face the flexible substrate
101, and a flexible printed circuit (FPC) 108 which is electri-
cally connected to the flexible substrate 101. The flexible
substrate 101 is bonded to the flexible substrate 102 by a
sealant (not illustrated), and a sealant 106, which is different
from the above sealant, is further provided on the side sur-
faces of the flexible substrate 101 and the flexible substrate
102.

As illustrated in FIG. 1A, the display device according to
the present invention uses flexible substrates as a pair of
electrodes facing each other. Thus, the whole display device
100 has flexibility. That is, the display device according to the
present invention can be curved upward as in FIG. 1A, and
although not illustrated, the display device can be curved
downward or curved so as to have a wavy shape or twisted
shape. Thus, the display device according to the present
invention can be used for a display portion having a curved
surface of an electronic appliance and the like.

FIG. 1B is a top view of the display device according to the
present invention. In FIG. 1B, the display device is not
curved. As illustrated in FIG. 1B, the display device 100
includes the flexible substrate 101, the flexible substrate 102
which is provided over the flexible substrate 101 and to face
the flexible substrate 101, and the FPC 108 which is electri-
cally connected to the flexible substrate 101. The flexible
substrate 101 included in the display device according to this
embodiment needs to have a region for connecting the FPC
108. Thus, at at least one side of four sides of the flexible
substrate 101, an offset region, which does not face the flex-
ible substrate 102, exists. That is, the area of the flexible
substrate 102 is smaller than the area of the flexible substrate
101.

The display device 100 includes a display region 103. The
display region 103 includes a display element and is sur-
rounded by a continuous sealant 105. With the sealant 105,
the flexible substrate 101 and the flexible substrate 102 facing
the flexible substrate 101 are bonded to each other.

In the display device 100 in FIGS. 1A and 1B, scan line
driver circuits 104a and 1045 are provided with the display
region 103 provided therebetween in the region surrounded
by the sealant 105. A signal line driver circuit is formed in an
IC chip 107 and the IC chip 107 is provided in the offset
region of the flexible substrate 101 by a chip on film (COF)
method. Further, in order to input an external signal or supply
power, the FPC 108 is electrically connected to an external
input terminal 109 in the offset region of the flexible substrate
101. However, the display device according to the present
invention is not limited to such a structure, and each of the
scan line driver circuit and the signal line driver circuit may be
formed in the IC chip and placed on the flexible substrate 101,
or both the scan line driver circuit and the signal line driver
circuit may be formed on the flexible substrate 101.

The sealant 106, which is different from the sealant 105, is
provided on the side surface of the display device 100. Spe-
cifically, the sealant 106 is provided on the side surface of the
flexible substrate 102 and the top surface of the flexible sub-
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6

strate 101 at one side of the display device 100 (the side
provided with the offset region) which is connected to the
FPC 108, and the sealant 106 is provided continuously on the
side surfaces of the flexible substrate 101 and the flexible
substrate 102 to form a closed loop shape as a whole at the
other three sides of the display device 100 (the sides not
provided with the offset region).

As described above, in the display device 100, a double
sealing structure in which the display region 103 is sur-
rounded by the sealant 105 and the sealant 106 is formed,
whereby entry of water, moisture, or the like to the display
region 103 can be prevented or suppressed, and the reliability
of'the display device 100 having flexibility can be improved.

Next, sealing structures of the display device 100 accord-
ing to one embodiment of the present invention are described
in detail with reference to FIGS. 2A to 2C and FIG. 3. FIGS.
2A102C and FIG. 3 illustrate display devices having different
sealing structures, each of which illustrates a cross-sectional
view taken along line A-A' in the top view of the display
device 100 in FIG. 1B.

FIG. 2A is a cross-sectional view of a display device 100a,
which shows an example of the sealing structure of the dis-
play device 100. The flexible substrate 102 is provided over
the flexible substrate 101 and to face the flexible substrate
101. The flexible substrate 101 is bonded to the flexible sub-
strate 102 by the sealant 105. An insulating layer 110 is
provided over the flexible substrate 101 and an element layer
111 is provided over the insulating layer 110. Thus, the flex-
ible substrate 101 can be referred to as an element substrate.

The insulating layer 110 serves as a base film of the ele-
ment layer 111, and has functions of ensuring a planarity for
forming the element layer 111, insulating the element layer
111 and the flexible substrate 101 from each other, and pre-
venting entry of contaminant from the flexible substrate 101
to the element layer 111.

The element layer 111 includes at least a display element
for displaying an image in the display region 103 and an
element for driving the display element. For example, the
display element is a light-emitting element using organic EL,
and the element for driving the display element is a transistor
including a semiconductor film in a channel formation region.
Further, the element layer 111 may include a wiring layer
electrically connecting these elements, a wiring layer for
transmitting a signal from the outside, an insulating layer for
insulation, a scan line driver circuit, and the like.

In the drawings, the element layer 111 is provided in a
region surrounded by the sealant 105; however, not all com-
ponents of the element layer 111 need to be provided only in
the region surrounded by the sealant 105. For example, an
insulating layer used for forming the element for driving the
display element may be extended to the outside of the sealant
105 or a wiring layer connected to the element may be
extended to the outside of the sealant 105. That is, at least the
display element included in the element layer 111 of the
sealant and the element for driving the display element may
be provided in the region surrounded by the sealant 105.

As the display element, a light-emitting element using
organic EL can be used. In FIG. 2A, a light-emitting element
is used as the display element, whereby a top-emission dis-
play device which emits light from the light-emitting element
to the upper side of the display device can be provided.

Further, a color filter layer 112 is provided over the flexible
substrate 102 (under the flexible substrate 102 in the drawing)
which is provided to face the flexible substrate 101. The color
filter layer 112 includes, for example, a red (R) color filter, a
green (G) color filter, a blue (B) line filter, a light-blocking
layer (a black matrix), an overcoat layer, and the like. How-
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ever, these components can be added or omitted in accor-
dance with a display mode or the like of the display device
100. For example, in the case where the display device 100 is
a light-emitting device in which light-emitting elements are
included in the element layer 111 and emit red light, green
light, and blue light, the color filter is not necessarily used.
Further, in the case where a transparent or semitransparent
member is used for the flexible substrate 101, a bottom-
emission light-emitting device which emits light from the
light-emitting element to the lower side can be provided, and
in this case, the color filter layer 112 is not necessary.

As illustrated in FIG. 2A, the area of flexible substrate 102
is smaller than that of the flexible substrate 101, and the
flexible substrate 101 has an exposed portion where the flex-
ible substrate 101 does not face the flexible substrate 102.
This portion is referred to as the offset region in this specifi-
cation. The FPC 108 which inputs an external signal or sup-
plies power is electrically connected to the offset region.
Although not illustrated, in an external input terminal, the
FPC 108 is electrically connected to the element layer 111
provided in the portion surrounded by the sealant 105 through
an anisotropic conductive film 113.

The anisotropic conductive film 113 is formed by curing a
paste-form or sheet-form material that is obtained by mixing
conductive particles to a thermosetting resin or a thermoset-
ting and photo-curing resin. The material exhibits anisotropic
conductivity by light irradiation or thermocompression bond-
ing. As conductive particles used for the anisotropic conduc-
tive film 113, for example, particles of a spherical organic
resin coated with thin-film metal such as Au, Ni, Co, or the
like can be used.

The sealant 105 has not only a function of bonding the
flexible substrate 101 and the flexible substrate 102, which is
described above, but also a function of preventing or sup-
pressing entry of contaminant such as water which becomes
an impurity for the display element and the element for driv-
ing the display element into the region surrounded by the
sealant 105. Thus, the sealant 105 is preferably formed con-
tinuously to surround the display region 103. Moreover, the
sealant 105 may have a function of keeping a distance
between the flexible substrate 101 and the flexible substrate
102, and may also have a function of relieving an impact or a
stress applied to the display device 100a.

As the sealant 105, for example, a resin material such as an
epoxy resin, an acrylic resin, or a urethane resin can be used.
These resin materials may be a thermosetting type or a photo-
curing type, or both of them. Further, as the sealant 105, a
resin in which different kinds of resins, for example, an
acrylic-based resin and an epoxy-based resin, are mixed may
be used. A UV initiator, a thermosetting agent, a coupling
agent, or the like is mixed into the resin as appropriate. Fur-
ther, the sealant 105 may include filler. As the filler, a sphere
or a cylinder of an inorganic insulator such as silica can be
used. By mixing filler, the viscosity and the intensity of the
sealant 105 can be adjusted. In addition, by designing the size
of the filler appropriately, the filler can have a function of
keeping a certain distance between the flexible substrate 101
and the flexible substrate 102.

Alternatively, as the sealant 105, other than the above res-
ins, frit glass (a glass material using glass frit) including
low-melting-point glass can be used. In the case of using frit
glass as the sealant 105, higher airtightness can be obtained
than in the case of using a resin.

As described above, by providing the sealant 105, the dis-
play region 103 is shielded from the outside and entry of
contaminant such as moisture into the display region 103 can
be prevented or suppressed. In addition, the flexible substrate
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101 and the flexible substrate 102 are bonded and the intensity
of'the display device can be improved. Thus, a flexible display
device with high reliability can be manufactured.

The sealant 106 includes a member 106a and a member
1064. The sealant 106 is provided to surround the sealant 105
and outside the sealant 105 and is provided in contact with a
gap between the substrates, which is formed by the flexible
substrate 101, the flexible substrate 102, and the sealant 105
and side surfaces of the flexible substrate 101 and the flexible
substrate 102. However, at a side of the display device 1004,
in which the offset region is provided, the sealant 106 is
provided in contact with the gap, the side surface of the
flexible substrate 102, and a top surface of the flexible sub-
strate 101.

The sealant 106 has a function of preventing or suppressing
entry of substances which are to be impurities (such as water)
from the outside to the display element or the transistor. Note
that the sealant 106 may have other functions. For example,
functions of strengthening the structure, strengthening the
adhesiveness, strengthening impact resistance, and the like
can be given.

It is preferable that the moisture permeability of the
described-above sealants 105 and 106 be as low as possible.

Here, the “moisture permeability” refers to the mass of
water permeating a material such as a film with a unit area of
1 m? per day (unit: g/m*-day). By making the moisture per-
meability low, entry of an impurity such as water or moisture
from the outside can be prevented or suppressed.

The moisture permeability can be calculated by a moisture
permeability test called a MOCON method or a cup method.
The MOCON method refers to a method in which water vapor
permeating a measurement target material is measured using
an infrared sensor. The cup method refers to a method in
which moisture permeability is measured from a change in
the weight of a moisture absorbent which is placed in a cup
and absorbs water vapor that has permeated a measurement
target material.

The moisture permeability of a sealant commercially avail-
able for use in a light-emitting device, for example, is 16
g/m>-day in the case where the thickness thereofis 100 um. In
the case where a glass layer formed using glass frit is used as
a sealant, the moisture permeability of the sealant is 0.01
g/m?-day or less. With the use of a sealing structure according
to one embodiment of the present invention, the moisture
permeability of a display device can be lower than or equal to
the above value.

To the sealant 106, various materials and structures can be
applied. Hereinafter, specific examples of the sealant 106 are
described with reference to FIGS. 2A to 2C and FIG. 3.

In the display device 100q¢ illustrated in FIG. 2A, the seal-
ant 106 includes the member 1065 provided around the out-
ermost perimeter and the member 1064 provided between the
member 1065 and the substrates.

For the member 1065, a metal material, a plastic material,
or the like can be used, and as the metal material, a material
including aluminum, stainless steel (SUS), lead, nickel, orthe
like can be used. These materials have lower moisture per-
meability than a resin material; thus, by providing the mem-
ber 1065, the reliability of the display device can be
improved.

Further, solder may be used as the member 1065. For the
solder, a material containing a Sn—Pb-based component, a
Pb—Sn—Sb-based component, a Sn—Sb-based component,
a Sn—Pb—DBi-based component, a Sn—Cu-based compo-
nent, a Sn—Pb—Cu-based component, a Sn—In-based com-
ponent, a Sn—Ag-based component, a Sn—Pb—Ag-based
component, a Pb—Ag-based component, a Sn—Zn-based
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component, or the like can be used. Note that Pb is especially
harmful to the human body and environment; thus, lead-free
solder is preferably used. At this time, the melting point of the
solder is preferably lower than that of the member 1064.

The member 106q is positioned between the side surfaces
of'the flexible substrate 101 and the flexible substrate 102 and
the member 1065. The member 106a may have a function of
bonding these flexible substrates 101 and 102 and the member
1064 in addition to a function of sealing the display region
103.

As the member 106a, for example, a resin material such as
an epoxy resin, an acrylic resin, or a urethane resin can be
used. These resin materials may be a thermosetting type or a
photo-curing type, or both of them. Further, as the member
106a, a resin in which different kinds of resins, for example,
an acrylic-based resin and an epoxy-based resin, are mixed
may be used. A UV initiator, a thermosetting agent, a cou-
pling agent, or the like is mixed into the resin as appropriate.

Alternatively, as the member 1064, other than the above
resins, the above frit glass can be used.

Note that the member 106a may be formed by using a
material which can be used for the member 1065. At this time,
the member 10654 is not necessarily provided.

The member 106a and the member 1065 are provided on
part of the side surfaces of the flexible substrate 101 and the
flexible substrate 102 in FIG. 2A ; however, the members 106a
and 1065 may be provided on the entire side surfaces or on
part of surfaces opposite to the surfaces of the flexible sub-
strate 101 and the flexible substrate 102 which face each other
(that is, surfaces on which the element layer 111 and the color
filter layer 112 are not provided).

The width of the member 1065 and the member 1064 is
preferably less than or equal to 1 mm, more preferably less
than or equal to 0.5 mm.

In this manner, in the display device 100q, the display
region formed by the element layer is doubly surrounded by
the sealant 105 and the sealant 106, whereby entry of con-
taminant from the outside can be prevented or suppressed.
Thus, the long-term reliability of the display device 100a can
be sufficiently secured.

A display device 10056 illustrated in FIG. 2B is different
from the display device 1004 in that the sealant 106 is formed
of only a single member 106¢. Thus, the other structures of
the display device 1005 are the same as those of the display
device 100q.

As the member 106¢, for example, a resin material such as
an epoxy resin, an acrylic resin, or a urethane resin can be
used. These resin materials may be a thermosetting type or a
photo-curing type, or both of them. Further, as the member
106¢, a resin in which different kinds of resins, for example,
an acrylic-based resin and an epoxy-based resin, are mixed
may be used. A UV initiator, a thermosetting agent, a cou-
pling agent, or the like is mixed into the resin as appropriate.

Further, solder may be used as the member 106¢. For the
solder, a material containing a Sn—Pb-based component, a
Pb—Sn—Sb-based component, a Sn—Sb-based component,
a Sn—Pb—Bi-based component, a Sn—Cu-based compo-
nent, a Sn—Pb—Cu-based component, a Sn—In-based com-
ponent, a Sn—Ag-based component, a Sn—Pb—Ag-based
component, a Pb—Ag-based component, a Sn—Z7n-based
component, or the like can be used. Note that Pb is especially
harmful to the human body and environment; thus, lead-free
solder is preferably used. At this time, the melting point of the
solder is preferably lower than that of the sealant 105.

Alternatively, as the member 106¢, other than the above
resins or solder, the above frit glass can be used.
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As in the display device 1005, in a display device 100¢
illustrated in FIG. 2C, the sealant 106 is formed of a single
member 1064; however, the member 1064 is provided not
only on the side surfaces of the flexible substrate 101 and the
flexible substrate 102, but also on part of surfaces opposite to
the surfaces of the flexible substrate 101 and the flexible
substrate 102 which face each other (that is, surfaces on which
the element layer 111 and the color filter layer 112 are not
provided). Further, in the offset region, the member 1064 is
provided to cover part of the FPC 108 and the anisotropic
conductive film 113.

With such a structure, contact areas between the substrates
and the member 1064 are increased, so that sealing property
can be high. Further, the edge portions and the corners of the
substrates are covered with the member 106d, whereby the
substrates can be protected from a physical impact.

In particular, the display device using the flexible substrate
according to the present invention is extremely thin; thus, it is
preferable that the entire side surfaces of the substrates be
covered in order that the display region 103 can be sealed and
the display device 100¢ can be protected.

A display device 1004 illustrated in FIG. 3 is sealed by the
sealant 106 including members 106/, 106g, and 106e. The
member 106/ and the member 106g function as a bottom
cover and a top cover, respectively, and the member 106e
functions as a bonding layer with which gaps between these
members 106/'and 106g and the substrates are filled.

A structure body sandwiched between the flexible sub-
strate 101 and the flexible substrate 102 is surrounded by a
box formed of the member 106/ and the member 106g; thus,
the side surfaces of the substrates are sufficiently sealed and
the reliability of the display device 1004 is improved.

For each of the members 106f'and 106g, a material having
low moisture permeability and flexibility can be used. For
example, a metal material, a plastic material, elastic synthetic
rubber, or the like can be used for the members 106fand 106g,
and as the metal material, a material including aluminum,
stainless steel (SUS), lead, nickel, and the like which is rolled
out thinly can be used.

The structures, methods, and the like described in this
embodiment can be combined with any of the structures,
methods, and the like described in the other embodiments as
appropriate.

Embodiment 2

In this embodiment, as an example of a method for manu-
facturing the display device according to the present inven-
tion, a method for manufacturing the display device 100a
described in Embodiment 1 is described with reference to
FIGS. 4A to 4D and FIGS. 5A to 5C.

First, as illustrated in FIG. 4A, the element layer 111 is
formed over the flexible substrate 101 with the insulating
layer 110 provided therebetween.

As the flexible substrate 101, for example, a flexible metal
base can be used. As the base, a thin base (e.g., a sheet or a
film) containing a metal element, specifically, a metal sheet or
ametal film of titanium or the like, or an alloy sheet or an alloy
film of stainless steel or the like can be used. Among them, a
sheet or a film of stainless steel which is relatively inexpen-
sive and available is preferable.

Further, other than the metal base, a resin base having heat
resistance may be used. As the resin base, a flexible substrate
can be used; for example, a polyethylene terephthalate resin,
a polyethylene naphthalate resin, a polyacrylonitrile resin, a
polyimide resin, a polymethyl methacrylate resin, a polycar-
bonate resin, a polyethersulfone resin, a polyamide resin, a
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cycloolefin resin, a polystyrene resin, a polyamide imide
resin, a polyvinylchloride resin, an amorphous cyclic olefin
polymer (COP), or the like can be preferably used. Further,
the coefficient of thermal expansion of the flexible substrate
101 is preferably lower than or equal to 30 ppm/K, more
preferably lower than or equal to 10 ppm/K. In addition, over
the flexible substrate 101, a protective film having low mois-
ture permeability may be formed in advance, and examples
thereof include a film containing nitrogen and silicon such as
a silicon nitride film or a silicon oxynitride film, a film con-
taining nitrogen and aluminum such as an aluminum nitride
film, and the like. Note that a structure in which a fibrous body
is impregnated with an organic resin (also called prepreg)
may be used as the flexible substrate 101.

In this embodiment, in the case where frit glass is used as a
sealant, for the flexible substrate 101, a metal base having
higher heat resistance than a resin material is preferably used
in order to perform laser irradiation.

The insulating layer 110 can be deposited by a sputtering
method or a CVD method. The insulating layer 110 is pref-
erably formed using an inorganic insulating film. For
example, the inorganic insulating film can have a single-layer
structure or a multi-layer structure of an insulating film
selected from an oxide insulating film, a nitride insulating
film, an oxynitride insulating film, and a nitride oxide insu-
lating film. Note that “nitride oxide” contains more nitrogen
than oxygen and “oxynitride” contains more oxygen than
nitrogen.

The insulating layer 110 serves as a base film of the ele-
ment layer 111, and has functions of ensuring a planarity for
forming the element layer 111, insulating the element layer
111 and the flexible substrate 101 from each other, and pre-
venting entry of contaminant from the flexible substrate 101
to the element layer 111.

In the case where frit glass is used for the sealant 105, in
general, the adhesion of frit glass to a base of a material
containing a metal element (e.g., a metal plate, a metal sheet,
ametal film, or the like) is low compared with the adhesion of
frit glass to a base containing silicon oxide (e.g., a plate-like,
sheet-like, or film-like glass substrate, a silicon oxide film, or
the like); however, frit glass can have sufficient adhesion by
forming the insulating layer 110 of a silicon oxide film or the
like.

The element layer 111 includes at least a display element
such as a light-emitting element and an element such as a
transistor for driving the display element. The element layer
111 is described later.

A wiring included in the element layer 111 and electrically
connected to the scan line driver circuits 104a, 1045, and the
like is electrically connected to the element for driving the
display element included in the element layer 111. The wiring
may be formed using a conductive layer included in the ele-
ment for driving the display element or may be formed using
a conductive layer provided separately from the element for
driving the display element.

Next, as illustrated in FIG. 4B, the sealant 105 is provided
to surround the display region 103.

In the case where the sealant 105 is formed using a resin
material such as an epoxy resin, an acrylic resin, or a urethane
resin, a continuous seal pattern having a closed-loop shape is
formed using a screen printing apparatus, an ink-jet appara-
tus, a dispensing apparatus, or the like. Note that the seal
pattern may be formed in a rectangular, circular, elliptical, or
polygonal shape.

In the case where the sealant 105 is formed using frit glass,
a continuous frit paste obtained by mixing glass powder and
an adhesive organic resin is formed to surround the display
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region 103 over the insulating layer 110 by using a dispensing
apparatus, a printing apparatus, or the like. After that, heat
treatment is performed to remove the organic substance in the
frit paste and cure the frit paste, so that the sealant 105 is
formed.

As the glass powder used for the frit glass, it is possible to
use a material containing one or more of the following: mag-
nesium oxide, calcium oxide, barium oxide, lithium oxide,
sodium oxide, potassium oxide, boron oxide, vanadium
oxide, zinc oxide, tellurium oxide, aluminum oxide, silicon
dioxide, lead oxide, tin oxide, phosphorus oxide, ruthenium
oxide, rhodium oxide, iron oxide, copper oxide, titanium
oxide, tungsten oxide, bismuth oxide, antimony oxide, lead
borate glass, tin phosphate glass, vanadate glass, and boro-
silicate glass, for example.

Although not illustrated, after that, the frit glass is irradi-
ated with a first laser beam from a direction of the top surface
of the flexible substrate 101 to be baked, so that the glass
powder component in the frit glass is bound.

There is no particular limitation on the first laser beam;
various laser light sources can be used as long as it can heat
the frit glass. For example, a gas laser typified by an excimer
laser or a solid-state laser typified by a YAG laser can be used
as a light source. The solid laser is smaller and more excellent
in productivity than the gas laser; thus, the wavelength of the
laser beam is preferably within an infrared light region, and a
wavelength of from 780 nm to 2000 nm is employed. For
example, laser beam having a wavelength of 810 nm or 940
nm is unlikely to be absorbed by an organic resin and the
organic resin is unlikely to be heated; thus, the member 1064
described later can be formed as close to the frit glass as
possible. In addition, the end portion of the display region 103
can be formed as close to the frit glass as possible, so that the
frame size of the display device 100 can be narrowed and the
resolution of the display device 100 can be increased. Note
that the beam shape of the laser beam is not particularly
limited and can be a rectangular shape, a linear shape, a
circular shape, or the like.

Next, as illustrated in FIG. 4C, the flexible substrate 102 is
bonded to the flexible substrate 101 so as to face the flexible
substrate 101.

As the flexible substrate 102, for example, a light-transmit-
ting flexible sheet glass having high strength can be used.

Over the flexible substrate 102, the color filter layer 112 is
provided in advance.

After the flexible substrate 102 is aligned with and posi-
tioned over the flexible substrate 101, the sealant 105 is cured
and the flexible substrate 101 and the flexible substrate 102
are bonded.

In the case where the sealant 105 is formed using a resin
material such as an epoxy resin, an acrylic resin, or a urethane
resin, the resin material is cured in such a way that ultraviolet
rays 120 are applied when the resin is an ultraviolet curable
resin or that heat is applied when the resin is a thermosetting
resin.

In the case where the sealant 105 is formed using frit glass,
frit paste may be irradiated with a second laser beam through
the light-transmitting flexible substrate 102 to remove the
organic substance in the frit paste and cure the frit paste. The
second laser beam can be the same as the first laser beam.

Next, the sealant 106 is provided in the periphery of the
sealant 105. In this embodiment, the sealant 106 includes the
member 1064 and the member 1065.

InFIG. 4D, the side surface of a structure body in which the
flexible substrates 101 and 102 are bonded by the sealant 105
is sealed by the member 106a.
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The member 1064 is formed on the side surfaces of the
flexible substrates 101 and 102 and between the flexible sub-
strates 101 and 102 by using a dispensing apparatus or the
like. Further, in the offset region, the member 1064 is formed
on the side surface of the flexible substrate 102, between the
flexible substrates 101 and 102, and on the top surface of the
flexible substrate 101.

As the member 106a, for example, a resin material such as
an epoxy resin, an acrylic resin, or a urethane resin can be
used. These resin materials may be a thermosetting type or a
photo-curing type, or both of them. Further, as the member
106a, a resin in which different kinds of resins, for example,
an acrylic-based resin and an epoxy-based resin, are mixed
may be used. A UV initiator, a thermosetting agent, a cou-
pling agent, or the like is mixed into the resin as appropriate.
Further, as the member 1064, the above frit glass can be used.
In the case where the member 1064 is positioned on the side
surfaces of the flexible substrates 101 and 102 by using these
materials, a dispensing apparatus can be used, for example.
The resin materials or the frit paste is dropped along the
periphery of the flexible substrate 102.

In the case where the frit glass is used as the member 106a,
the frit glass is dropped by a dispensing apparatus or the like,
and then irradiated with a laser beam and pre-baked.

The material of the member 1064 is not limited to these
materials. For example, the member 106a may be formed in
the following manner: a glass ribbon or the like is bonded to
the flexible substrates along the periphery of the substrates,
heat treatment is performed, and a gap between the flexible
substrates 101 and 102 and the like is closed.

Next, in FIG. 5A, the member 1065 is provided on an outer
side of the paste-form member 1064 and in contact with the
member 106a. For the member 1065, a metal material, a
plastic material, or the like can be used, and as the metal
material, a material including aluminum, stainless steel
(SUS), lead, nickel, or the like can be used.

Further, solder may be used as the member 1065. For the
solder, a material containing a Sn—Pb-based component, a
Pb—Sn—Sb-based component, a Sn—Sb-based component,
a Sn—Pb—Bi-based component, a Sn—Cu-based compo-
nent, a Sn—Pb—Cu-based component, a Sn—In-based com-
ponent, a Sn—Ag-based component, a Sn—Pb—Ag-based
component, a Pb—Ag-based component, a Sn—Z7n-based
component, or the like can be used. Note that Pb is especially
harmful to the human body and environment; thus, lead-free
solder is preferably used. At this time, the melting point of the
solder is preferably lower than that of the member 1064.

Inthe case of using solder as the member 1065, the member
1065 may be formed by soldering the member 1064 using a
heated tool (a soldering iron) while ultrasonic waves are
being emitted from the tip of the soldering iron, for example.
Ultrasonic cavitation occurs and the member 1065 can be
formed while a coating on the member 106a is being
removed, for example; thus, the adhesion between the mem-
ber 106a and the member 1065 can be increased.

Next, in FIG. 5B, the member 106a is cured, whereby a
sealing structure formed by the sealant 106 is formed.

In the case where the member 1064 is formed using a resin
material such as an epoxy resin or an acrylic resin, the resin
material is cured in such a way that ultraviolet rays are applied
when the resin is an ultraviolet curable resin or that heat is
applied when the resin is a thermosetting resin.

In the case where the member 106a is formed using frit
glass, as illustrated in FIG. 5B, frit paste is irradiated with a
second laser beam through the member 1065 to remove the
organic substance in the frit paste and cure the frit paste. The
second laser beam is emitted from the side surface direction
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of the flexible substrates 101 and 102. For example, irradia-
tion with the laser beam 121 is performed in a direction
parallel to a stack of the flexible substrates 101 and 102 while
the stack of the flexible substrates 101 and 102 is being
rotated in the parallel direction. Further, the second laser
beam can be the same as the first laser beam.

Note that in the case where solder is used for the member
1065, frit paste used for the member 106a is preferably cured
by emitting the second laser beam in advance.

Next, in FIG. 5C, the FPC 108 is connected to the offset
region. The FPC 108 is electrically connected to an external
input terminal provided over the flexible substrate 101
through the anisotropic conductive film 113.

As described above, a double sealing structure of the dis-
play region 103 can be formed by using the sealant 105 and
the sealant 106.

By forming such a sealing structure, entry of contaminant
such as water from the outside to the display region 103
hardly occurs, so that the reliability of the display device 100a
can be improved.

The structures, methods, and the like described in this
embodiment can be combined with any of the structures,
methods, and the like described in the other embodiments as
appropriate.

Embodiment 3

In this embodiment, one embodiment of a display device
according to the present invention, which is different from the
display device described in Embodiment 1, is described with
reference to FIGS. 6A and 6B, FIGS. 7A to 7C, and FIG. 8.

FIG. 6A is a bird’s-eye perspective view of one embodi-
ment of a display device according to the present invention. A
display device 200 is different from the display device 100
described in Embodiment 1 in that shapes of a flexible sub-
strate 201 and a flexible substrate 202 are substantially the
same and there is no offset region.

The display device 200 includes the flexible substrate 201,
the flexible substrate 202 which is provided to face the flex-
ible substrate 201, and an FPC (flexible printed circuit) 208
which is electrically connected to the flexible substrate 201.
The flexible substrate 201 is electrically connected to the FPC
208 through an opening formed in the flexible substrate 202,
which is described later. The flexible substrate 201 is bonded
to the flexible substrate 202 by a sealant (not illustrated), and
another sealant 206 is further provided on the side surfaces of
the flexible substrate 201 and the flexible substrate 202.

As illustrated in FIG. 6A, the display device according to
the present invention uses flexible substrates as a pair of
electrodes facing each other. Thus, the whole display device
200 has flexibility. The display device is curved upward in
FIG. 6A; however, the display device can be curved down-
ward or curved so as to have a wavy shape or twisted shape.
Thus, the display device according to the present invention
can beused for adisplay portion having a curved surface of an
electronic appliance and the like.

FIG. 6B is a top view of the display device according to one
embodiment of the present invention. In FIG. 6B, the display
device is not curved. As illustrated in FIG. 6B, the display
device 200 includes the flexible substrate 201, the flexible
substrate 202 which is provided over the flexible substrate
201 and to face the flexible substrate 201, and the FPC 208
which is electrically connected to the flexible substrate 201.

The FPC 208 is connected to the flexible substrate 201
through the opening formed in the flexible substrate 202.
Thus, the display device 200 is different from the display
device 100 in Embodiment 1 in that the side surfaces of the
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flexible substrate 201 and the flexible substrate 202 are posi-
tioned substantially coplanarly.

In one embodiment of the display device according to the
present invention, scan line driver circuits 204a and 2045 are
provided with the display region 203 provided therebetween
on the flexible substrate 201. A signal line driver circuit is
formed in the IC chip 107 and the IC chip 107 is provided on
the FPC 208. The FPC 208 is electrically connected to an
external input terminal 209 provided over the flexible sub-
strate 201 through the opening formed in the flexible substrate
202. However, the display device according to the present
invention is not limited to such a structure, and each of the
scan line driver circuit and the signal line driver circuit may be
formed in the IC chip and placed on the FPC 208, or the scan
line driver circuit and the signal line driver circuit may be
formed integrally on the flexible substrate 201.

Since the display device 200 has the above structure, the
sealant 206 can be provided on the side surface of the sub-
strate relatively easily compared to the display device 100.
Note that in FIG. 6B, the sealant is positioned only on the side
surface of the substrate, and not positioned between the sub-
strates; however, a sealant which is different from the sealant
206 may be positioned between the substrates.

As described above, in the display device 200, a sealing
structure in which the display region 203 is surrounded by the
sealant 206 is formed on side surfaces of substrates, whereby
entry of water, moisture, or the like to the display region 203
can be prevented or suppressed, and the reliability of the
display device 200 can be improved. Further, in the case of
providing the sealant only on the side surface of the substrate,
the area occupied by the peripheral region in the display
region 203 can be reduced, so that a display device having a
narrow frame can be manufactured.

Next, sealing structures of the display device 200 accord-
ing to one embodiment of the present invention are described
in detail with reference to FIGS. 7A to 7C and FIG. 8. FIGS.
7At07C and FIG. 8 illustrate display devices having different
sealing structures and each of which illustrates a cross section
taken along line B-B' in the top view of the display device 200
in FIG. 6B.

FIG.7A is a cross-sectional view of a display device 200a,
which shows an example of the sealing structure of the dis-
play device 200. The flexible substrate 202 is provided over
the flexible substrate 201 and to face the flexible substrate
201.

An element layer 216 and a color filter layer 218 are pro-
vided between the flexible substrate 201 and the flexible
substrate 202. In order to form these layers over the flexible
substrate, the following technique is used in the display
device 200 according to this embodiment: after a semicon-
ductor element such as a thin film transistor is manufactured
over abase such as a glass substrate and a quartz substrate, the
semiconductor element is separated from the base, and the
semiconductor element is transferred to another base (e.g.,
the flexible substrate).

Although described later in detail, in order to use the above
transfer technique, layers to be separated 215 and 219 and
bonding layers 214, 217, and 220 are provided over the flex-
ible substrate 201.

The layers to be separated 215 and 219 are needed in order
to separate the element layer 216 including a display element,
an element for driving the display element, and the like and
the color filter layer 218 including a color filter, a light-
blocking film, an overcoat film, and the like from a base used
for forming the element layer 216 and the color filter layer
218. The layers to be separated 215 and 219 each function as
a buffer layer for separating the element layer 216 and the
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color filter layer 218 from a separation layer over the base.
The layers to be separated 215 and 219 are preferably formed
of an insulating film containing nitrogen and can have a
single-layer structure or a multi-layer structure of silicon
nitride, silicon oxynitride, silicon nitride oxide, or the like.

Further, the bonding layers 214, 217, and 220 are layers for
bonding the separated element layer 216 to the color filter
layer 218, or these layers to the flexible substrates. As the
bonding layers 214, 217, and 220, a light curable adhesive
such as a UV curable adhesive, a reactive curable adhesive, a
thermal curable adhesive, or an anaerobic adhesive can be
used. For example, an epoxy resin, an acrylic resin, a urethane
resin, an imide resin, a silicone resin, a phenol resin, or the
like can be used. A dry agent (zeolite or the like) having a size
less than or equal to the wavelength of light, or a filler with a
high refractive index (titanium oxide, zirconium, or the like)
is preferably mixed into the adhesive because reliability and
light extraction efficiency of the light-emitting element are
improved in the case where the light-emitting element is used
as the display element.

In the display device 200« illustrated in FIG. 7A, the flex-
ible substrate 201, the bonding layer 214, the layer to be
separated 215, the element layer 216, the bonding layer 217,
the color filter layer 218, the layer to be separated 219, the
bonding layer 220, and the flexible substrate 202 are stacked
in this order.

Here, an area of a stack of the bonding layer 217, the color
filter layer 218, and the layer to be separated 219 is smaller
than an area of a stack of the flexible substrate 201, the
bonding layer 214, the layer to be separated 215, and the
element layer 216. That is, in an end portion of a display
portion, the element layer 216 includes a portion (an offset
region) which is exposed to the stack of the bonding layer
217, the color filter layer 218, and the layer to be separated
219. In the offset region, an opening is provided by removing
a part of the bonding layer 220 and the flexible substrate 202
over the region, and the element layer 216 is electrically
connected to the FPC 208 through the opening.

An anisotropic conductive film 213 is provided in the open-
ing. Thus, an external input terminal provided in the element
layer 216 is electrically connected to the FPC 208 through the
anisotropic conductive film 213.

In the display device 2004, a sealing structure is formed by
providing a member 206a on a side surface of the display
device 200a and surrounding a display region by the member
206a.

As the member 2064, for example, a resin material such as
an epoxy resin, an acrylic resin, or a urethane resin can be
used. These resin materials may be a thermosetting type or a
photo-curing type, or both of them. Further, as the member
2064, a resin in which different kinds of resins, for example,
an acrylic-based resin and an epoxy-based resin, are mixed
may be used. A UV initiator, a thermosetting agent, a cou-
pling agent, or the like is mixed into the resin as appropriate.

Further, solder may be used as the member 2064. For the
solder, a material containing a Sn—Pb-based component, a
Pb—Sn—Sb-based component, a Sn—Sb-based component,
a Sn—Pb—DBi-based component, a Sn—Cu-based compo-
nent, a Sn—Pb—Cu-based component, a Sn—In-based com-
ponent, a Sn—Ag-based component, a Sn—Pb—Ag-based
component, a Pb—Ag-based component, a Sn—Zn-based
component, or the like can be used. Note that Pb is especially
harmful to the human body and environment; thus, lead-free
solder is preferably used. At this time, the melting point of the
solder is preferably lower than the melting points of the
flexible substrates 201, 202, and the bonding layer. Further, as
a material for the flexible substrates 201 and 202 and the
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bolding layer, a material having heat resistance at the melting
point of the solder may be used.

A display device 20056 illustrated in FIG. 7B is different
from the above display device 200a in that a member 2065
functioning as a sealant is provided on part of a top surface
and a bottom surface of the flexible substrates. Further, the
member 2065 is also provided on a portion in which the FPC
208 is electrically connected to the element layer 216.

By positioning the member 2065 in such a manner, the
sealing capability and the reliability of the display device
2005 can be further improved.

For the member 2065, a material used for the member206a
can be used.

A display device 200c¢ illustrated in FIG. 7C is a display
device in which the sealant 205 is provided between the
flexible substrate 201 and the flexible substrate 202 in addi-
tion to the structure of the display device 200q illustrated in
FIG. 7A. The sealant 205 is formed continuously so as to
surround the display region 203. In FIG. 7C, the sealant 205
is provided over the layer to be separated 215 and in contact
with the layer to be separated 215 and the color filter layer
218. However, the stacked structure is not limited thereto, and
the sealant 205 may be provided over an insulating layer
included in the element layer 216, or in contact with another
layer such as the layer to be separated 219, the substrate, or
the base.

As the member of the sealant 205, for example, a resin
material such as an epoxy resin, an acrylic resin, or a urethane
resin can be used. These resin materials may be a thermoset-
ting type or a photo-curing type, or both of them. Further, as
the sealant 205, a resin in which different kinds of resins, for
example, an acrylic-based resin and an epoxy-based resin, are
mixed may be used. A UV initiator, a thermosetting agent, a
coupling agent, or the like is mixed into the resin as appro-
priate.

The sealant 205 is surrounded by the member 206a which
is another sealant on the outer side of the sealant 205. By
doubly sealing the display region 203 by using the sealant 205
and the member 206¢ in this manner, the reliability of the
display device 200¢ can be improved.

A display device 2004 illustrated in FIG. 8 is a display
device in which the display device 2004 illustrated in FIG. 7A
is sealed with a sealant 206 including members 206d, 206e,
and 206¢. The member 2064 and the member 206¢ functionas
abottom cover and a top cover, respectively, and the member
206¢ functions as a bonding layer with which gaps between
these members 2064 and 206¢ and the substrates are filled.

A structure body sandwiched between the flexible sub-
strate 201 and the flexible substrate 202 is surrounded by a
box formed of the member 2064 and the member 206¢; thus,
the side surfaces of the substrates are sufficiently sealed and
the reliability of the display device 2004 is improved.

For each of the members 2064 and 206e, a material having
low moisture permeability and flexibility can be used. For
example, a metal material, a plastic material, elastic synthetic
rubber, or the like can be used for the members 2064 and
206e¢, and as the metal material, a material including alumi-
num, stainless steel (SUS), lead, nickel, and the like which is
rolled out thinly can be used.

The structures, methods, and the like described in this
embodiment can be combined with any of the structures,
methods, and the like described in the other embodiments as
appropriate.

Embodiment 4

In this embodiment, as an example of a method for manu-
facturing the display device according to the present inven-
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tion, an example of a method for manufacturing the display
device 2004 described in Embodiment 3 is described with
reference to FIGS. 9A to 9D, FIGS. 10A to 10C, and FIGS.
11A to 11C.

A process of forming the element layer 216 and the like on
a support substrate 230 (a process of forming an element
substrate) is described.

First, abase layer 231, a separation layer 232, and the layer
to be separated 215 are formed over the support substrate 230
in this order (see FIG. 9A).

A base which does not have flexibility but can withstand
the process temperature in this embodiment is preferably
used as the support substrate 230. For example, a glass sub-
strate, a quartz substrate, a sapphire substrate, a ceramic
substrate, a metal substrate, or the like can be used.

As the glass substrate, in the case where the temperature of
heat treatment to be performed later is high, a glass substrate
having a strain point of 730° C. or higher is preferably used.
Further, as the glass substrate, a glass material such as alumi-
nosilicate glass, aluminoborosilicate glass, or barium boro-
silicate glass is used, for example. The glass substrate is
preferably subjected to heat treatment for shrinking the sub-
strate in advance. For example, as the heat treatment, heating
at 650° C. is preferably performed twice.

In this manner, by forming the element layer 216 and the
like on the support substrate 230 which is a base which does
not have flexibility, a stack is easily handled in a manufactur-
ing process of the display device 200 and the display device
200 can be manufactured with high yield.

The base layer 231 is preferable because in the case where
a base containing impurities such as a glass substrate is used
as the support substrate 230, the base layer 231 can prevent
contamination from the glass substrate and the like.

As the base layer 231, an insulating layer such as a silicon
oxide film, a silicon oxynitride film, a silicon nitride film, or
a silicon nitride oxide film can be used.

As the base layer 231, the above-described insulating film
is formed by a chemical vapor deposition method such as a
plasma CVD method, a thermal CVD method, or a physical
vapor deposition method such as a sputtering method. Note
that the base layer 231 may be formed by a printing method,
a coating method, or the like instead of the above methods.

The separation layer 232 has a single-layer structure or a
stacked-layer structure containing an element selected from
tungsten, molybdenum, titanium, tantalum, niobium, nickel,
cobalt, zirconium, ruthenium, rhodium, palladium, osmium,
iridium, or silicon; an alloy material containing any of the
elements; or a compound material containing any of the ele-
ments. A crystal structure of a layer containing silicon may be
amorphous, microcrystal, or polycrystal.

Inthe case where the separation layer 232 has a single layer
structure, it is preferable to form a tungsten layer, a molyb-
denum layer, or a layer containing a mixture of tungsten and
molybdenum. Alternatively, a layer containing an oxide or an
oxynitride of tungsten, a layer containing an oxide or an
oxynitride of molybdenum, or a layer containing an oxide or
an oxynitride of a mixture of tungsten and molybdenum is
formed. Note that the mixture of tungsten and molybdenum
corresponds to an alloy of tungsten and molybdenum, for
example.

The separation layer 232 can be formed by a sputtering
method, a plasma CVD method, a coating method, a printing
method, or the like. Note that the coating method includes a
spin coating method, a droplet discharge method, and a dis-
pensing method.

The layer to be separated 215 is preferably formed of a
nitrogen-containing insulating film and can have a single-
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layer structure or a multi-layer structure of silicon nitride,
silicon oxynitride, silicon nitride oxide, or the like. The layer
to be separated 215 can be formed by the above-described
physical vapor deposition method, the above-described
chemical vapor deposition method, a coating method, a print-
ing method, or the like. For example, the layer to be separated
215 is formed at a temperature of higher than or equal to 250°
C. and lower than or equal to 400° C. by a plasma CVD
method, whereby a dense film having very low moisture
permeability can be obtained. Note that the thickness of the
layer to be separated 215 is preferably greater than or equal to
10 nm and less than or equal to 3000 nm, further preferably
greater than or equal to 200 nm and less than or equal to 1500
nm.

Next, heat treatment is performed to modify the entire or
part of the separation layer 232. That is, by performing heat
treatment, oxidization or nitridation of the entire or part of the
separation layer 232 is performed, so that an oxide insulating
film, an oxynitride insulating film, or a nitride oxide insulat-
ing film is formed. For example, the separation layer 232 can
be a layer containing tungsten, an oxide insulating layer is
formed by heat treatment, and a layer containing an oxide of
tungsten can be formed at an interface between the tungsten
layer and the insulating layer. The temperature of the heat
treatment differs depending on a substrate to be used; how-
ever, the heat treatment is performed at a temperature range of
450° C. to 700° C. In addition, it is possible to form the layer
containing an oxide of tungsten which is the layer to be
separated 215 by subjecting the surface of the layer contain-
ing tungsten formed as the separation layer 232 to heat oxi-
dation treatment, oxygen plasma treatment, treatment with a
solution having strong oxidizing power, such as ozone water,
or another treatment. Further, plasma treatment or heat treat-
ment may be performed in an atmosphere of oxygen, nitro-
gen, nitrous oxide alone, or a mixed gas of any of these gasses
and another gas.

After that, the element layer 216 including a display ele-
ment and an element for driving the display element is formed
over the layer to be separated 215 (see FIG. 9B).

As an example of the display element, a light-emitting
element using organic EL is given, and as the element for
driving the display element, a transistor including a semicon-
ductor film in a channel formation region is given. The tran-
sistor can be manufactured by a known method for manufac-
turing a transistor. Note that the external input terminal 209
may be formed by utilizing a process of manufacturing a
transistor or separately formed without utilizing the process
of manufacturing the transistor.

In the light-emitting element which is an example of the
display element, a layer containing a light-emitting substance
is formed between a pair of electrodes. Specifically, the layer
containing a light-emitting substance is formed between a
first electrode layer and a second electrode layer. The struc-
ture, material, and the like of the light-emitting element are
described later.

Further, the light-emitting element is covered with an inor-
ganic insulating film which does not transmit impurities such
as water and oxygen so that the light-emitting element is not
exposed, whereby reliability of the light-emitting element
and the display device 200 can be improved. An oxide insu-
lating film, a nitride insulating film, an oxynitride insulating
film, a nitride oxide insulating film, or the like can be used as
the inorganic insulating film. Specifically, an insulating film
containing silicon or aluminum can be used.

Next, a process of forming the color filter layer 218 and the
like on a support substrate 235 (a process of forming a counter
substrate) is described.
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A base layer 236, a separation layer 237, and the layer to be
separated 219 are formed in this order over the support sub-
strate 235 which is different from the support substrate 230.

A base similar to that of the support substrate 230 can be
used for the support substrate 235. Further, the base layer 236,
the separation layer 237, and the layer to be separated 219 can
be formed in a manner similarto that of the base layer 231, the
separation layer 232, and the layer to be separated 215.

Next, heat treatment is performed and the entire or part of
the separation layer 237 is modified. This heat treatment may
be performed in a manner similar to that of the separation
layer 232, and another treatment for modifying the surface of
the separation layer 237 may be performed instead of the heat
treatment.

After that, the color filter layer 218 is formed over the layer
to be separated 219.

The color filter layer 218 includes, for example, a color
filter, a light-blocking layer (a black matrix), and an overcoat
layer.

The light-blocking layer is formed in a desired position
with a known material by a printing method, a coating
method, an etching method using a photolithography tech-
nique, or the like.

Then, the color filter is formed between the light-blocking
layers which are provided apart from each other. Each color
filter is formed in a desired position with a known material by
a printing method, a coating method, an etching method using
a photolithography technique, or the like.

Inthe case where an overcoat layer covering the color filter
and the light-blocking layer is provided, the overcoat layer
may be formed using a known material by a physical vapor
deposition method, a chemical vapor deposition method, a
coating method, a printing method, or the like. The overcoat
layer is preferably provided because the overcoat layer pre-
vents moisture or impurity components included in the color
filter layer from diffusing into the display element in the
element layer 216. In the case where the overcoat layer is not
provided, the number of steps for forming the overcoat layer
can be cut.

The support substrate 230 including the element layer 216
and the support substrate 235 including the color filter layer
218 which are provided as described above are bonded to each
other with the bonding layer 217 (see FIG. 9C). For the
bonding layer 217, the above material such as an epoxy resin
is preferably used.

Here, in order to secure the offset region where the external
input terminal is to be formed, the support substrate 230
including the element layer 216 is formed so that the substrate
area is larger than that of the support substrate 235 including
the color filter layer 218. Thus, the bonding layer 217 is
preferably provided on the side of the support substrate 235
including the color filter layer 218, whose substrate area is
small, in advance.

Then, separation is performed between the separation layer
237 and the layer to be separated 219 which are formed on the
support substrate 235 (see FIG. 9D).

As the separation method, mechanical force (a separation
process with a human hand or with a gripper, a separation
process by rotation of a roller, or the like) may be used.
Alternatively, liquid can be dropped in the region with low
adhesion or a groove formed in the region with low adhesion
and an interface between the separation layer 237 and the
layer to be separated 219 is filled with the liquid, whereby the
separation layer 237 is separated from the layer to be sepa-
rated 219. At this time, it is preferable that separation be
performed while vibration such as ultrasound is applied.
Alternatively, a method in which a fluoride gas such as NF;,
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BrF;, or CIF; is introduced into the region with low adhesion
or the groove formed in the region with low adhesion and the
separation layer 237 is removed by etching with the use of the
fluoride gas, thereby separating the separation layer 237 from
the layer to be separated 219 may be employed.

As another separation method, in the case where the sepa-
ration layer 237 is formed using tungsten, separation can be
performed while the separation layer is etched by a mixed
solution of ammonia water and hydrogen peroxide water.

The separation is performed at the interface between the
layer to be separated 219 and the separation layer 237 or in the
separation layer 237. Thus, the layer 219 or both the layer 219
and part of the separation layer 237 are left on a substrate
including the element layer 216 and the color filter layer 218
after the separation.

Next, the flexible substrate 202 is bonded to the surface
which is exposed by the above separation with the bonding
layer 220 (see FIG. 10A).

As the flexible substrate 202, a substrate which has flex-
ibility and transmits visible light can be used: for example, a
polyethylene terephthalate resin, a polyethylene naphthalate
resin, a polyacrylonitrile resin, a polyimide resin, a polym-
ethylmethacrylate resin, a polycarbonate resin, a polyether-
sulfone resin, a polyamide resin, a cycloolefin resin, a poly-
styrene resin, a polyamide imide resin, a polyvinylchloride
resin, an amorphous cyclic olefin polymer (COP), or the like
is preferably used. Further, the coefficient of thermal expan-
sion of the flexible substrate 202 is preferably lower than or
equal to 30 ppm/K, more preferably lower than or equal to 10
ppnV/K. In addition, over the flexible substrate 202, a protec-
tive film which has low moisture permeability may be formed
in advance; examples of the protective film include a film
containing nitrogen and silicon such as a silicon nitride film or
a silicon oxynitride film and a film containing nitrogen and
aluminum such as an aluminum nitride film. Note that a
structure in which a fibrous body is impregnated with an
organic resin (also called prepreg) may be used as the flexible
substrate 202.

In the case where a fibrous body is contained in the material
for the flexible substrate 202, a high-strength fiber of an
organic compound or an inorganic compound is used as the
fibrous body. The high-strength fiber is specifically a fiber
with a high tensile modulus of elasticity or a fiber with a high
Young’s modulus. Typical examples thereof include a poly-
vinyl alcohol based fiber, a polyester based fiber, a polyamide
based fiber, a polyethylene based fiber, an aramid based fiber,
apolyparaphenylene benzobisoxazole fiber, a glass fiber, and
a carbon fiber. As an example of the glass fiber, a glass fiber
using E glass, S glass, D glass, Q glass, or the like can be
given. These fibers may be used in a state of a woven fabric or
anonwoven fabric, and a structure body in which this fibrous
body is impregnated with an organic resin and the organic
resin is cured may be used as the flexible substrate 202. The
structure body including the fibrous body and the organic
resin is preferably used as the flexible substrate 202, in which
case reliability against bending or breaking due to local pres-
sure can be increased.

After that, a stack of the element layer 216, the color filter
layer 218, and the like including the flexible substrate 202 and
the support substrate 230 are separated from each other (see
FIG. 10B). The separation is performed in the following
manner: the support substrate 230 is positioned on and in
contact with a suction stage and tensile stress is applied to the
stack including the element layer 216 and the color filter layer
218. Thus, the separation proceeds at the interface between
the layer to be separated 215 and the separation layer 232 or
in the separation layer 232.
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At this time, when the liquid such as water is added to the
portion in which the separation is performed, the liquid enters
into the separated portion due to capillary action and a sepa-
ration process can be promoted.

Thus, the layer 215 or both the layer 215 and part of the
separation layer 232 are left on a stack including the element
layer 216 and the color filter layer 218 after the separation.

Next, the flexible substrate 201 is bonded to the stack
including the element layer 216 and the color filter layer 218
after the separation with the bonding layer 214 (see FIG.
10C). The flexible substrate 201 can be formed using a mate-
rial similar to that of the above flexible substrate 202.

In this manner, a stack including the element layer 216 and
the color filter layer 218 which are sandwiched between the
flexible substrate 201 and the flexible substrate 202 is formed.

Next, the member 2064 functioning as a sealant is provided
on the side surface of the stack (see FIG. 11A).

For the member 2064, the material described in the above
embodiment can be used.

As the member 2064, for example, a resin material such as
an epoxy resin, an acrylic resin, or a urethane resin can be
used. These resin materials may be a thermosetting type or a
photo-curing type, or both of them. Further, as the member
2064, a resin in which different kinds of resins, for example,
an acrylic-based resin and an epoxy-based resin, are mixed
may be used. A UV initiator, a thermosetting agent, a cou-
pling agent, or the like is mixed into the resin as appropriate.

Further, solder may be used as the member 2064. For the
solder, a material containing a Sn—Pb-based component, a
Pb—Sn—Sb-based component, a Sn—Sb-based component,
a Sn—Pb—DBi-based component, a Sn—Cu-based compo-
nent, a Sn—Pb—Cu-based component, a Sn—In-based com-
ponent, a Sn—Ag-based component, a Sn—Pb—Ag-based
component, a Pb—Ag-based component, a Sn—Zn-based
component, or the like can be used. Note that Pb is especially
harmful to the human body and environment; thus, lead-free
solder is preferably used. At this time, the melting point of the
solder is preferably lower than that of the member 106a.

Accordingly, the reliability of the display device 200 can be
improved.

Next, an opening 240 for electrically connecting the ele-
ment layer 216 and the FPC 208 is formed.

First, a cut is made in the flexible substrate 202 and the
bonding layer 220 so as to surround a region (not illustrated)
in the element layer 216 where the external input terminal is
formed for electrically connecting to the FPC 208. The cut
may be made with a tool such as a sharp edged tool or by
irradiation with a laser beam. The degree of pressure is
adjusted when the cut is made with the tool, or the intensity is
adjusted when the cut is made by irradiation with the laser
beam so as not to break the element layer 216 and the like.
Further, the cut may be made by combining the use of the tool
and the irradiation with the laser beam.

Then, the flexible substrate 202 in a region where the cut is
made and surrounding the external input terminal is pulled in
the direction approximately orthogonal to the stack, whereby
the flexible substrate 202 and the bonding layer 220 in the
region can be separated from the stack. An interface between
the bonding layer 220 and a conductive layer to be the exter-
nal input terminal has low adhesion; thus, the external input
terminal can be easily exposed (see FIG. 11B). In this manner,
the opening 240 can be formed in a part of the flexible sub-
strate 202 and the bonding layer 220.

Next, the anisotropic conductive film 213 is provided in the
opening 240 formed by the above method. The FPC 208 is
provided over the anisotropic conductive film 213 and the
thermocompression is performed, whereby an electrical path
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which can supply power or input an external signal to the
element layer 216 is formed (see FIG. 11C).

The flexible display device 200 with high reliability can be
manufactured by including a sealing structure on the side
surface by the above method.

The structures, methods, and the like described in this
embodiment can be combined with any of the structures,
methods, and the like described in the other embodiments as
appropriate.

Embodiment 5

In this embodiment, according to one embodiment of the
display device of the present invention, a flexible light-emit-
ting device using the structure of the display device 100a
described in Embodiment 1 is described with reference to
FIG. 12.

FIG. 12 illustrates a part of a schematic cross-sectional
view illustrating the cross-sectional view of the display
device 100q in FIG. 2A in more detail in the case of applying
the display device 1004 to a light-emitting device. Note that
FIG. 12 illustrates a part of the display region 300 provided in
the sealed region of the light-emitting device.

Although not illustrated, the light-emitting device accord-
ing to this embodiment may include a scan line driver circuit
on an inner side of a sealant 323. In the case where the
light-emitting device includes a scan line driver circuit, as in
the display region 300, the scan line driver circuit can be
formed in an element layer. An NMOS circuit in which a
plurality of n-channel transistors is combined can be formed
over an insulating layer 303 provided on a flexible substrate
302. The scan line driver circuit is not limited to an NMOS
circuit and may have a variety of circuits such as a CMOS
circuit in which an n-channel transistor and a p-channel tran-
sistor are used in combination or a PMOS circuit formed of a
p-channel transistor. Note that the same applies to the case of
providing a signal line driver circuit over the flexible substrate
302 by incorporating the signal line driver circuit with the
scan line driver circuit.

FIG. 12 illustrates a cross-sectional structure of a part of a
pixel as an example of the display region 300. The pixel
includes a switching transistor or a current control transistor;
however, here, the pixel includes current control transistors
304 and 305 that are electrically connected to a light-emitting
element 313. A source electrode layer or a drain electrode
layer 3095 of the current control transistors 304 and 305 is
electrically connected to a first electrode layer 314 included
in the light-emitting element 313. In addition, a partition 315
covering the end portion of the first electrode layer 314 is
provided.

Note that there is no particular limitation on the structures
of'the transistors included in the display region 300 and other
circuits such as a scan line driver circuit, a signal line driver
circuit, and a protective circuit which are not illustrated. For
example, a forward staggered transistor or an inverted stag-
gered transistor may be used. Furthermore, a top-gate tran-
sistor or a bottom-gate transistor may be used. In FIG. 12, a
channel-etched transistor is shown; however, a channel-pro-
tective transistor using a channel protective film may be used.
As a semiconductor material used for the channel formation
region in the transistors, for example, a semiconductor mate-
rial such as silicon or germanium or an oxide semiconductor
containing at least one of indium, gallium, and zinc may be
used. In particular, it is preferable to use the oxide semicon-
ductor in that the oxide semiconductor has many advantages
such as high field-effect mobility and extremely low leakage
current at the time of turning off the transistor. The oxide
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semiconductor is described in detail in another embodiment.
Further, there is no particular limitation on the crystallinity of
a semiconductor used for the transistors, and an amorphous
semiconductor or a semiconductor having crystallinity (a
microcrystalline semiconductor, a polycrystalline semicon-
ductor, a single crystal semiconductor, or a semiconductor
partly including crystal regions) may be used.

The transistors in FIG. 12 are bottom-gate transistors as
examples. A gate insulating layer 307 is included over a gate
electrode layer 306, and a semiconductor layer 308 including
a channel formation region is included over the gate insulat-
ing layer 307. A source electrode layer and a drain electrode
layer 309a and 3095 are provided over the semiconductor
layer 308 and an insulating layer 311 is provided to cover
these electrode layers.

For the gate electrode layer 306 and the source electrode
layer and the drain electrode layer 3094 and 3094, for
example, a layer containing a metal material such as molyb-
denum, titanium, chromium, tantalum, magnesium, silver,
tungsten, aluminum, copper, neodymium, or scandium can be
used. Further, the gate electrode layer 306 and the source
electrode layer and the drain electrode layer 309a and 3095
may each have a single layer or two or more layers.

Each of the gate insulating layer 307 and the insulating
layer 311 can be, for example, a layer containing a material
such as silicon oxide, silicon nitride, silicon oxynitride, sili-
con nitride oxide, aluminum oxide, aluminum nitride, alumi-
num oxynitride, aluminum nitride oxide, or hafnium oxide.
For example, the gate insulating layer 307 can be stacked
layers of a silicon nitride layer and a silicon oxynitride layer.
In this case, the silicon nitride layer may have stacked layers
of a plurality of silicon nitride layers having different com-
positions.

Note that in the case where an oxide semiconductor is used
for the semiconductor layer 308, in order to make an oxygen
saturation state in the oxide semiconductor, it is preferable
that insulating layers (the gate insulating layer 307 and the
insulating layer 311) which are in contact with an oxide
semiconductor layer contain excess oxygen.

As the insulating layer containing excess oxygen, a silicon
oxide film or a silicon oxynitride film containing a large
amount of oxygen by adjusting deposition conditions as
appropriate in a plasma CVD method or a sputtering method
is used. Further, oxygen may be added by an ion implantation
method, an ion doping method, or plasma treatment.

In addition, a blocking layer (such as an AlO, layer) for
suppressing release of oxygen from the oxide semiconductor
layer is preferably provided as the gate insulating layer 307 or
the insulating layer 311 so as to be positioned outside the
insulating layer containing excess oxygen.

The insulating layer containing excess oxygen or the
blocking layer is provided to cover the oxide semiconductor
layer, whereby the oxide semiconductor layer can contain
oxygen in a proportion which is substantially the same as that
in the stoichiometric composition, or in a proportion higher
than that in the stoichiometric composition i.e., the oxide
semiconductor layer can be supersaturated.

An insulating layer 312 is provided over the insulating
layer 311. The insulating layer 312 is formed using, for
example, an organic resin such as acrylic and has a plane
surface for forming the light-emitting element 313 over the
transistor. Further, by providing the insulating layer 312, the
parasitic capacitance which is generated by a conductive
layer provided above the insulating layer 312 and a conduc-
tive layer provided below the insulating layer 312 can be
reduced.
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Further, in the case where the insulating layer 312 is
formed using an organic resin such as acrylic, contaminant
such as hydrogen and water may be included in the insulating
layer 312. Thus, the insulating layer 312 is not necessarily
used, and the insulating layer 312 may be formed as appro-
priate as needed, for example, an insulating layer 312 which
is directly on the display element or the element for driving
the display element is removed.

The light-emitting element 313 includes a pair of elec-
trodes, a first electrode layer 314 and a second electrode layer
317, and an EL layer 316 containing a light-emitting sub-
stance. The light-emitting element 313 can be provided over
an interlayer insulating layer provided over a transistor
including a pixel circuit, a scan line driver circuit, and the like
(see FIG. 12). Note that the structure, material, and the like of
the light-emitting element 313 are described in detail later.

Further, a color filter 320 is provided to overlap with the
light-emitting element 313. A light-blocking layer 321 is
provided to overlap with the partition 315, and the end por-
tions of the light-blocking layer 321 are covered with the
color filter 320. Moreover, an overcoat layer 319 is provided
to cover the light-blocking layer 321 and the color filter 320.

As conductive materials for the first electrode layer 314
and the second electrode layer 317, a material that transmits
light emitted from the EL layer 316 is used for an electrode
through which light is transmitted, and a material that reflects
light emitted from the EL layer 316 is used for an electrode
provided on the side opposite to the electrode through which
light is transmitted.

In this structural example, a reflective material is used for
the first electrode layer 314 and a light-transmitting material
is used for the second electrode layer 317. Thus, light emis-
sion from the EL layer 316 is emitted from the flexible sub-
strate 322.

If necessary, an optical film such as a polarizing plate, a
circularly polarizing plate (including an elliptically polariz-
ing plate), a retardation plate (a quarter-wave plate or a half-
wave plate), or the like may be appropriately provided for the
flexible substrate 322. Further, the polarizing plate or the
circularly polarizing plate may be provided with an anti-
reflection film. For example, anti-glare treatment by which
reflected light can be diffused by projections and depressions
on the surface so as to reduce the glare can be performed.

As the light-transmitting material that can be used for the
electrode (the second electrode layer 317) through which
light is transmitted, indium oxide, indium oxide-tin oxide,
indium oxide-zinc oxide, zinc oxide, zinc oxide to which
gallium is added, graphene, and the like can be used. Other
examples are a metal material such as gold, silver, platinum,
magnesium, nickel, tungsten, chromium, molybdenum, iron,
cobalt, copper, palladium, and titanium; and an alloy material
containing any of these metal materials. A nitride of the metal
material (e.g., titanium nitride) or the like may also be used. In
the case of using the metal material (or the nitride thereof), the
conductive layer may be thinned so as to be able to transmit
light. Alternatively, a stack of any of the above materials can
beused as the conductive layer. For example, a stacked film of
a silver-magnesium alloy and indium oxide-tin oxide is pref-
erably used, in which case electrical conductivity can be
increased.

Note that the conductive oxide used as the electrode
through which light is emitted can be formed by a sputtering
method. When an electrically conductive oxide film is formed
under an atmosphere containing argon and oxygen, the light-
transmitting property can be increased.

Further, in the case of a top-emission structure, it is pref-
erable that the conductive oxide film formed over the EL layer
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316 be a stacked layer film of a first conductive oxide film
formed under an atmosphere containing argon with reduced
oxygen concentration and a second conductive oxide film
formed under an atmosphere containing argon and oxygen, in
which case film formation damage to the EL layer 316 can be
reduced. In this case, in the formation of the first conductive
oxide film, it is preferable to use an argon gas with purity, for
example, an argon gas whose dew point is lower than or equal
to =70° C., more preferably lower than or equal to =100° C.

As a light-reflecting material that can be used for the elec-
trode (the first electrode layer 314) provided on the side
opposite to the electrode through which light is transmitted,
the following can be used: a metal material such as aluminum,
gold, platinum, silver, nickel, tungsten, chromium, molybde-
num, iron, titanium, cobalt, copper, and palladium; or an alloy
material containing any of these metal materials. Alterna-
tively, lanthanum, neodymium, germanium, or the like may
be added to a metal or an alloy containing the metal material.
In addition, any of the following can be used: alloys contain-
ing aluminum (aluminum alloys) such as an alloy of alumi-
num and titanium, an alloy of aluminum and nickel, and an
alloy of aluminum and neodymium; and alloys containing
silver such as an alloy of silver and copper and an alloy of
silver and magnesium. An alloy of silver and copper is pref-
erable because of its high heat resistance. Further, a metal film
or a metal oxide film is stacked on and in contact with an
aluminum alloy film, whereby oxidation of the aluminum
alloy film can be prevented. As examples of a material for the
metal film or the metal oxide film, titanium, titanium oxide,
and the like are given. Alternatively, a stack of a film contain-
ing any of the above light-transmitting materials and a film
containing any of the above metal materials may be used. For
example, a stacked film of silver and indium oxide-tin oxide,
a stacked film of a silver-magnesium alloy and indium oxide-
tin oxide, or the like can be used.

The partition 315 is provided to cover the end of the first
electrode layer 314. Moreover, the upper end portion or the
lower end portion of the partition 315 preferably has a curved
surface with a radius of curvature of 0.2 um to 3 um in order
to be adequately covered with the second electrode layer 317
which is formed over the partition 315. The side surface of the
partition 315 is preferably an inclined curved surface. The
partition 315 can be formed using an organic compound such
as a negative photosensitive resin or a positive photosensitive
resin, or an inorganic compound such as silicon oxide or
silicon oxynitride.

A wiring formed using a conductive layer 310 supplies
power or inputs of the external signal to the display region
300, the scan line driver circuit, or the like. The conductive
layer 310 extends to the end portion of the flexible substrate
302 through a peripheral region 301. An opening is provided
in the insulating layer 311 in the end portion (that is, the
external input terminal) of the flexible substrate 302, and the
conductive layer 310 exposed in the opening is electrically
connected to an FPC 327 through a conductive material such
as an anisotropic conductive film 326.

Here, the peripheral region 301 is surrounded by the seal-
ant 323. In the example of the light-emitting device in FIG.
12, the sealant 323 is directly in contact with the insulating
layer 311 and the flexible substrate 322; however, layers,
substrates, and bases which are in contact with the sealant 323
is not limited thereto, and various structures can be employed
to the structure of the light-emitting device. Further, in the
example ofthe light-emitting device in F1G. 12, the insulating
layer 312 provided in the display region 300 is removed in the
peripheral region 301.
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The sealant 323 can be formed using the material described
in the above embodiment and can be formed in the forming
method described in the above embodiment.

Further, a conductive layer 328 is provided between the
sealant 323 and the flexible substrate 302. By providing the
conductive layer 328, a structure similar to the structure
below the sealant at the side including the external input
terminal can be formed; thus, conditions for forming the
sealant 323 can be uniform and variations in formation on the
substrate can be reduced.

Note that a space 318 surrounded by the sealant 323 is
preferably a vacuum or filled with an inert gas such as a
nitrogen gas or an argon gas in order to secure the reliability
of the light-emitting element 313 and the transistors 304 and
305.

Further, a sealant 329 is provided in a gap between the
flexible substrates 302 and 322 and on side surfaces of the
flexible substrates 302 and 322. However, at the side in which
the offset region for connecting the FPC 327 is provided, the
sealant 329 is provided in the gap between the flexible sub-
strates 302 and 322, on the side surface of the flexible sub-
strate 322, and on a top surface of the insulating layer 311.

The sealant 329 includes a member 324 which is provided
in an inner side and a member 325 which is provided in an
outer side than the member 324. Each of the members can be
formed using the material and by the forming method which
are described in the above embodiment.

By doubly sealing the display region 300 by using the
sealant 323 and the sealant 329 in the light-emitting device in
this manner, entry of moisture or the like from the outside,
which causes degradation of characteristics of the light-emit-
ting element 313 and the semiconductor layers of the transis-
tors 304 and 305, can be prevented or suppressed.

Thus, a light-emitting device which is thin and lightweight
and has high flexibility, impact resistance, and reliability can
be manufactured. Further, a light-emitting device which is
thin and lightweight and has high flexibility, impact resis-
tance, and hermeticity can be manufactured.

The structures, methods, and the like described in this
embodiment can be combined with any of the structures,
methods, and the like described in the other embodiments as
appropriate.

Embodiment 6

In this embodiment, according to one embodiment of the
display device of the present invention, a light-emitting
device having a structure which is different from that of the
light-emitting device described in Embodiment 5 is described
with reference to FIG. 13. A light-emitting device described
in this embodiment is the flexible light-emitting device using
the structure of the display device 2004 described in Embodi-
ment 3.

FIG. 13 illustrates a part of a schematic cross-sectional
view illustrating the cross-sectional view of the display
device 200q in FIG. 7A in more detail in the case of applying
the display device 200aq to a light-emitting device. Note that
FIG. 13 illustrates a part of the display region 400 provided in
the sealed region of the light-emitting device.

Although not illustrated, the light-emitting device accord-
ing to this embodiment may include a scan line driver circuit
and a signal line driver circuit as in the light-emitting device
described in Embodiment 5.

A light-emitting device according to this embodiment can
be manufactured by a manufacturing method described in
Embodiment 4. The light-emitting device is manufactured
using a separation process and the like; thus, the light-emit-
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ting device includes a bonding layer 403, a layer 405, and a
base layer 406 over a flexible substrate 402. Over (in the
drawing, under) a flexible substrate 430 opposite to the flex-
ible substrate 402, a bonding layer 429, alayer 427, and a base
layer 426 are included. Further, an element layer and a color
filter layer are bonded to each other with a bonding layer 422.
The above layers can be formed using the material and by the
forming method in Embodiment 4.

In the light-emitting device according to this embodiment,
a protective circuit is provided in the peripheral region 401 as
illustrated in FIG. 13. The protective circuit can be formed
using a transistor 409 which is similar to a transistor used in
the display region 400.

By providing the protective circuit between the external
input terminal and the display region 400, transistors 407,
408, and the like in the display region 400 can be protected
from an excessive voltage which is applied to the external
input terminal or the like by mistake.

A conductive layer 435 formed in the same process as a first
electrode layer included in the light-emitting element 417
may be formed over the transistor 409 included in the protec-
tive circuit. The conductive layer 435 functions as a back gate
of'the transistor by being provided to overlap with a semicon-
ductor layer included in the transistor 409. For example, in the
case of an n-channel transistor, a voltage between the back
gate and a source may be negative. Thus, the threshold voltage
of the transistor can be shifted to the positive direction. Fur-
ther, the back gate can be set to a fixed potential such as 0V,
for example.

A conductive layer functioning as a back gate can be
formed not only in the protective circuit, but also in the scan
line driver circuit, the signal line driver circuit, and the pixel
circuit.

FIG. 13 illustrates a cross-sectional structure of a part of a
pixel as an example of the display region 400. The pixel
includes a switching transistor or a current control transistor;
however, here, the pixel includes current control transistors
407 and 408 that are electrically connected to a light-emitting
element 417. A source electrode layer or a drain electrode
layer 4135 of the current control transistors 407 and 408 is
electrically connected to a first electrode layer 418 included
in the light-emitting element 417. In addition, a partition 419
covering the end portion of the first electrode layer 418 is
provided.

Note that there is no particular limitation on the structures
of'the transistors included in the display region 400 and other
circuits such as a scan line driver circuit and a signal line
driver circuit which are not illustrated. For example, a for-
ward staggered transistor or an inverted staggered transistor
may be used. Furthermore, a top-gate transistor or a bottom-
gate transistor may be used. As a semiconductor material used
for the channel formation region in the transistors, for
example, a semiconductor material such as silicon or germa-
nium or an oxide semiconductor containing at least one of
indium, gallium, and zinc may be used. In particular, it is
preferable to use the oxide semiconductor in that the oxide
semiconductor has many advantages such as high field-effect
mobility and extremely low leakage current at the time of
turning off the transistor. The oxide semiconductor is
described in detail in another embodiment. Further, there is
no particular limitation on the crystallinity of a semiconduc-
tor used for the transistors, and an amorphous semiconductor
or a semiconductor having crystallinity (a microcrystalline
semiconductor, a polycrystalline semiconductor, a single
crystal semiconductor, or a semiconductor partly including
crystal regions) may be used.
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The transistors in FIG. 13 are bottom-gate transistors as
examples. A gate insulating layer 411 is included over a gate
electrode layer 410, and a semiconductor layer 412 including
a channel formation region is included over the gate insulat-
ing layer 411. A source electrode layer and a drain electrode
layer 413a and 4135 are provided over the semiconductor
layer 412 and an insulating layer 415 is provided to cover
these electrode layers.

For the gate electrode layer 410 and the source electrode
layer and the drain electrode layer 413a and 4134, for
example, a layer containing a metal material such as molyb-
denum, titanium, chromium, tantalum, magnesium, silver,
tungsten, aluminum, copper, neodymium, or scandium can be
used. Further, the gate electrode layer 410 and the source
electrode layer and the drain electrode layer 413a and 4135
may each have a single layer or two or more layers.

Each of the gate insulating layer 411 and the insulating
layer 415 can be, for example, a layer containing a material
such as silicon oxide, silicon nitride, silicon oxynitride, sili-
con nitride oxide, aluminum oxide, aluminum nitride, alumi-
num oxynitride, aluminum nitride oxide, or hafnium oxide.
For example, the gate insulating layer 411 can be stacked
layers of a silicon nitride layer and a silicon oxynitride layer.
In this case, the silicon nitride layer may have stacked layers
of a plurality of silicon nitride layers having different com-
positions.

Note that in the case where an oxide semiconductor is used
for the semiconductor layer 412, in order to make an oxygen
saturation state in the oxide semiconductor, it is preferable
that insulating layers (the gate insulating layer 411 and the
insulating layer 415) which are in contact with an oxide
semiconductor layer contain excess oxygen.

As the insulating layer containing excess oxygen, a silicon
oxide film or a silicon oxynitride film containing a large
amount of oxygen by adjusting deposition conditions as
appropriate in a plasma CVD method or a sputtering method
is used. Further, oxygen may be added by an ion implantation
method, an ion doping method, or plasma treatment.

In addition, a blocking layer (such as an AlO, layer) for
suppressing release of oxygen from the oxide semiconductor
layer is preferably provided as the gate insulating layer 411 or
the insulating layer 415 so as to be positioned outside the
insulating layer containing excess oxygen.

The insulating layer containing excess oxygen or the
blocking layer is provided to cover the oxide semiconductor
layer, whereby the oxide semiconductor layer can contain
oxygen in a proportion which is substantially the same as that
in the stoichiometric composition, or in a proportion higher
than that in the stoichiometric composition i.e., the oxide
semiconductor layer can be supersaturated.

An insulating layer 416 is provided over the insulating
layer 415. The insulating layer 416 is formed using, for
example, an organic resin such as acrylic and has a plane
surface for forming the light-emitting element 417 over the
transistor. Further, by providing the insulating layer 416, the
parasitic capacitance which is generated by a conductive
layer provided above the insulating layer 416 and a conduc-
tive layer provided below the insulating layer 416 can be
reduced.

Further, in the case where the insulating layer 416 is
formed using an organic resin such as acrylic, contaminant
such as hydrogen and water may be included in the insulating
layer 416. Thus, the insulating layer 416 is not necessarily
used, and the insulating layer 416 may be formed as appro-
priate as needed, for example, an insulating layer 416 which
is directly on the display element or the element for driving
the display element is removed.
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The light-emitting element 417 includes a pair of elec-
trodes, a first electrode layer 418 and a second electrode layer
421, and an EL layer 420 containing a light-emitting sub-
stance. The light-emitting element 417 can be provided over
an interlayer insulating layer provided over a transistor
including a pixel circuit, a scan line driver circuit, and the like
(see FIG. 13). Note that the structure, material, and the like of
the light-emitting element 417 are described in detail later.

Further, a color filter 424 is provided to overlap with the
light-emitting element 417. A light-blocking layer 425 is
provided to overlap with the partition 419, and the end por-
tions of the light-blocking layer 425 are covered with the
color filter 424. Moreover, an overcoat layer 423 covers the
light-blocking layer 425 and the color filter 424.

As conductive materials for the first electrode layer 418
and the second electrode layer 421, a material that transmits
light emitted from the EL layer 420 is used for an electrode
through which light is transmitted, and a material that reflects
light emitted from the EL layer 420 is used for an electrode
provided on the side opposite to the electrode through which
light is transmitted.

In this structural example, a reflective material is used for
the first electrode layer 418 and a light-transmitting material
is used for the second electrode layer 421. Thus, light emis-
sion from the EL layer 420 is emitted from the flexible sub-
strate 430.

As the light-transmitting material that can be used for the
electrode (the second electrode layer 421) through which
light is transmitted, indium oxide, indium oxide-tin oxide,
indium oxide-zinc oxide, zinc oxide, zinc oxide to which
gallium is added, graphene, and the like can be used. Other
examples are a metal material such as gold, silver, platinum,
magnesium, nickel, tungsten, chromium, molybdenum, iron,
cobalt, copper, palladium, and titanium; and an alloy material
containing any of these metal materials. A nitride of the metal
material (e.g., titanium nitride) or the like may also be used. In
the case of using the metal material (or the nitride thereot), the
conductive layer may be thinned so as to be able to transmit
light. Alternatively, a stack of any of the above materials can
beused as the conductive layer. For example, a stacked film of
a silver-magnesium alloy and indium oxide-tin oxide is pref-
erably used, in which case electrical conductivity can be
increased.

Note that the conductive oxide used as the electrode
through which light is emitted can be formed by a sputtering
method. When an electrically conductive oxide film is formed
under an atmosphere containing argon and oxygen, the light-
transmitting property can be increased.

Further, in the case of a top-emission structure, it is pref-
erable that the conductive oxide film formed over the EL layer
420 be a stacked layer film of a first conductive oxide film
formed under an atmosphere containing argon with reduced
oxygen concentration and a second conductive oxide film
formed under an atmosphere containing argon and oxygen, in
which case film formation damage to the EL layer 420 can be
reduced. In this case, in the formation of the first conductive
oxide film, it is preferable to use an argon gas with purity, for
example, an argon gas whose dew point is lower than or equal
to =70° C., more preferably lower than or equal to =100° C.

As a light-reflecting material that can be used for the elec-
trode (the first electrode layer 418) provided on the side
opposite to the electrode through which light is transmitted,
the following can be used: a metal material such as aluminum,
gold, platinum, silver, nickel, tungsten, chromium, molybde-
num, iron, titanium, cobalt, copper, and palladium; or an alloy
material containing any of these metal materials. Alterna-
tively, lanthanum, neodymium, germanium, or the like may
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be added to a metal or an alloy containing the metal material.
In addition, any of the following can be used: alloys contain-
ing aluminum (aluminum alloys) such as an alloy of alumi-
num and titanium, an alloy of aluminum and nickel, and an
alloy of aluminum and neodymium; and alloys containing
silver such as an alloy of silver and copper and an alloy of
silver and magnesium. An alloy of silver and copper is pref-
erable because of its high heat resistance. Further, a metal film
or a metal oxide film is stacked on and in contact with an
aluminum alloy film, whereby oxidation of the aluminum
alloy film can be prevented. As examples of a material for the
metal film or the metal oxide film, titanium, titanium oxide,
and the like are given. Alternatively, a stack of a film contain-
ing any of the above light-transmitting materials and a film
containing any of the above metal materials may be used. For
example, a stacked film of silver and indium oxide-tin oxide,
a stacked film of a silver-magnesium alloy and indium oxide-
tin oxide, or the like can be used.

The partition 419 is provided to cover the end of the first
electrode layer 418. Moreover, the upper end portion or the
lower end portion of the partition 419 preferably has a curved
surface with a radius of curvature of 0.2 um to 3 um in order
to be adequately covered with the second electrode layer 421
which is formed over the partition 419. The side surface of the
partition 419 is preferably an inclined curved surface. The
partition 419 can be formed using an organic compound such
as a negative photosensitive resin or a positive photosensitive
resin, or an inorganic compound such as silicon oxide or
silicon oxynitride.

A wiring formed using a conductive layer 414 supplies
power or inputs of the external signal to the display region
400, the scan line driver circuit, or the like. The conductive
layer 414 extends to the end portion of the flexible substrate
402 through a peripheral region 401 (not illustrated). An
opening is provided in the insulating layer 415 in the end
portion (that is, the external input terminal) of the flexible
substrate 402, and the conductive layer 414 exposed in the
opening is electrically connected to an FPC 433 through a
conductive material such as an anisotropic conductive film
431.

Here, amember 434 serving as a sealant is provided on side
surfaces of the flexible substrates 402 and 430. The member
434 can be formed using the material and by the forming
method which are described in the above embodiment.

By sealing the display region 400 by using the member 434
in the light-emitting device in this manner, entry of moisture
or the like from the outside, which causes degradation of
characteristics of the light-emitting element 417 and the
semiconductor layers of the transistors 407, 408, and 409, can
be prevented or suppressed.

Thus, a light-emitting device which is thin and lightweight
and has high flexibility, impact resistance, and reliability can
be manufactured. Further, a light-emitting device which is
thin and lightweight and has high flexibility, impact resis-
tance, and hermeticity can be manufactured.

The structures, methods, and the like described in this
embodiment can be combined with any of the structures,
methods, and the like described in the other embodiments as
appropriate.

Embodiment 7

In this embodiment, in the case where a transistor is used as
an element for driving a display element of a display device,
an oxide semiconductor which can be used for a channel
formation region in the transistor is described in detail.
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At least indium (In) or zinc (Zn) is preferably contained as
an oxide semiconductor used for a channel formation region
in a transistor. In particular, In and Zn are preferably con-
tained. A stabilizer for strongly bonding oxygen is preferably
contained in addition to In and Zn. As a stabilizer, at least one
of gallium (Ga), tin (Sn), zirconium (Zr), hathium (HO, and
aluminum (Al) may be contained.

As another stabilizer, one or plural kinds oflanthanoid such
as lanthanum (La), cerium (Ce), praseodymium (Pr), neody-
mium (Nd), samarium (Sm), europium (Eu), gadolinium
(Gd), terbium (Tb), dysprosium (Dy), holmium (Ho), erbium
(Er), thulium (Tm), ytterbium (Yb), or lutetium (Lu) may be
contained.

As the oxide semiconductor, the following can be used, for
example: a four-component metal oxide such as an [In—Sn—
Ga—Zn-based oxide; a three-component metal oxide such as
an In—Ga—Zn-based oxide, an In—Sn—Z7n-based oxide,
an In—Zr—Zn-based oxide, an In—Al—Zn-based oxide, a
Sn—Ga—Zn-based oxide, an Al—Ga—Zn-based oxide, a

Sn—Al—Zn-based oxide, an In—Hf—Zn-based oxide, an
In—La—Zn-based oxide, an In—Ce—Zn-based oxide, an
In—Pr—Zn-based oxide, an In—Nd—Zn-based oxide, an
In—Sm—Zn-based oxide, an In—Fu—Zn-based oxide, an
In—Gd—Zn-based oxide, an In—Tb—Zn-based oxide, an
In—Dy—Zn-based oxide, an In—Ho—Zn-based oxide, an
In—FEr—Zn-based oxide, an In—Tm—~Zn-based oxide, an

In—Yb—Zn-based oxide, or an In—Lu—Zn-based oxide; a
two-component metal oxide such as an In—Zn-based oxide,
a Sn—7n-based oxide, an Al—Z/n-based oxide, a Zn—Mg-
based oxide, a Sn—Mg-based oxide, an In—Mg-based
oxide, or an In—Ga-based oxide; or a one-component metal
oxide such as an In-based oxide, a Sn-based oxide, or a
Zn-based oxide.

Note that here, for example, an In—Ga—7n-based oxide
refers to an oxide mainly containing In, Ga, and Zn, and there
is no limitation on the ratio of In to Ga and Zn.

Alternatively, a material represented by InMO;(Zn0O),,
(m>0) may be used as the oxide semiconductor. Note that M
represents one or more metal elements selected from Ga, Fe,
Mn, and Co. Still alternatively, a material represented by
In,SnO4(Zn0),, (n>0) may be used as the oxide semiconduc-
tor.

For example, an In—Ga—Z7n-based oxide with an atomic
ratio of In:Ga:Zn=3:1:2, In:Ga:Zn=1:1:1, or In:Ga:Zn=2:2:1,
or an oxide whose atomic ratio is in the neighborhood of the
above atomic ratios can be used. Alternatively, an In—Sn—
Zn-based oxide with an atomic ratio of In:Sn:Zn=1:1:1,
In:Sn:Zn=2:1:3, or In:Sn:Zn=2:1:5, or an oxide whose
atomic ratio is in the neighborhood of the above atomic ratios
may be used.

Note that for example, the expression “the composition of
an oxide including In, Ga, and Zn at the atomic ratio, In:Ga:
Zn=a:b:c (a+b+c=1), is in the neighborhood of the composi-
tion of an oxide including In, Ga, and Zn at the atomic ratio,
In:Ga:Zn=A:B:C (A+B+C=1)"” means that a, b, and c satisfy
Formula (1).

(a-A+(b-By*+(c-C)?<r?

(* is greater than or equal to (a—A)*+(b—B)*+(c-C)>.)

In the formula 1, r may be 0.05, for example. The same
applies to other oxides.

However, the composition of the oxide semiconductor is
not limited to those described above, and an oxide semicon-
ductor having an appropriate composition may be used
depending on necessary semiconductor characteristics (e.g.,
field-effect mobility or threshold voltage). In order to obtain
the required semiconductor characteristics, it is preferable

M
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that the carrier concentration, the impurity concentration, the
defect density, the atomic ratio between a metal element and
oxygen, the interatomic distance, the density, and the like be
set to appropriate values.

When an oxide semiconductor is highly purified, the oft-
state current of a transistor using such an oxide semiconduc-
tor in a channel formation region can be sufficiently reduced
(here, the off-state current means a drain current when a
potential difference between a source and a gate is equal to or
lower than the threshold voltage in the off state, for example).
A highly purified oxide semiconductor can be obtained, for
example, in such a manner that a film is deposited while
heating is performed so as to prevent hydrogen and a hydroxyl
group from being contained in the oxide semiconductor, or
heat treatment is performed after film deposition so as to
remove hydrogen and a hydroxyl group from the film. When
an In—Ga—Zn-based oxide which is used for a channel
region of a transistor is highly purified, the off-state current
per channel width can be approximately from 1x1072* A/um
(1 yA/um) to 110722 A/um (100 yA/um).

A structure of an oxide semiconductor film is described
below.

An oxide semiconductor film is classified roughly into a
single-crystal oxide semiconductor film and a non-single-
crystal oxide semiconductor film. The non-single-crystal
oxide semiconductor film includes any of an amorphous
oxide semiconductor film, a microcrystalline oxide semicon-
ductor film, a polycrystalline oxide semiconductor film, a
c-axis aligned crystalline oxide semiconductor (CAAC-OS)
film, and the like.

The amorphous oxide semiconductor film has disordered
atomic arrangement and no crystalline component. A typical
example thereof is an oxide semiconductor film in which no
crystal part exists even in a microscopic region, and the whole
of the film is amorphous.

The microcrystalline oxide semiconductor film includes a
microcrystal (also referred to as nanocrystal) with a size
greater than or equal to 1 nm and less than 10 nm, for example.
Thus, the microcrystalline oxide semiconductor film has a
higher degree of atomic order than the amorphous oxide
semiconductor film. Hence, the density of defect states of the
microcrystalline oxide semiconductor film is lower than that
of the amorphous oxide semiconductor film.

The CAAC-OS film is one of oxide semiconductor films
including a plurality of crystal parts, and most of the crystal
parts each fit inside a cube whose one side is less than 100 nm.
Thus, there is a case where a crystal part included in the
CAAC-OS film fits a cube whose one side is less than 10 nm,
less than 5 nm, or less than 3 nm. The density of defect states
of'the CAAC-OS film is lower than that of the microcrystal-
line oxide semiconductor film. The CAAC-OS film is
described in detail below.

In a transmission electron microscope (TEM) image of the
CAAC-OS film, a boundary between crystal parts, that is, a
grain boundary is not clearly observed. Thus, in the CAAC-
OS film, a reduction in electron mobility due to the grain
boundary is less likely to occur.

According to the TEM image of the CAAC-OS film
observed in a direction substantially parallel to a sample
surface (cross-sectional TEM image), metal atoms are
arranged in a layered manner in the crystal parts. Each metal
atom layer has a morphology reflected by a surface over
which the CAAC-OS film is formed (hereinafter, a surface
over which the CAAC-OS film is formed is referred to as a
formation surface) or a top surface of the CAAC-OS film, and
is arranged in parallel to the formation surface or the top
surface of the CAAC-OS film.
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On the other hand, according to the TEM image of the
CAAC-OS film observed in a direction substantially perpen-
dicular to the sample surface (plan TEM image), metal atoms
are arranged in a triangular or hexagonal configuration in the
crystal parts. However, there is no regularity of arrangement
of metal atoms between different crystal parts.

From the results of the cross-sectional TEM image and the
plan TEM image, alignment is found in the crystal parts in the
CAAC-OS film.

A CAAC-OS film is subjected to structural analysis with an
X-ray diffraction (XRD) apparatus. For example, when the
CAAC-OS film including an InGaZnO,, crystal is analyzed by
an out-of-plane method, a peak appears frequently when the
diffraction angle (26) is around 31°. This peak is derived from
the (009) plane of the InGaZnO, crystal, which indicates that
crystals in the CAAC-OS film have c-axis alignment, and that
the c-axes are aligned in a direction substantially perpendicu-
lar to the formation surface or the top surface of the CAAC-
OS film.

On the other hand, when the CAAC-OS film is analyzed by
an in-plane method in which an X-ray enters a sample in a
direction perpendicular to the c-axis, a peak appears fre-
quently when 20 is around 56°. This peak is derived from the
(110) plane of the InGaZnO,, crystal. Here, analysis (¢ scan)
is performed under conditions where the sample is rotated
around a normal vector of a sample surface as an axis (¢ axis)
with fixed at around 56°. In the case where the sample is a
single-crystal oxide semiconductor film of InGaZnO,, six
peaks appear. The six peaks are derived from crystal planes
equivalent to the (110) plane. On the other hand, in the case of
a CAAC-O0S film, a peak is not clearly observed even when ¢
scan is performed with 20 fixed at around 56°.

According to the above results, in the CAAC-OS film hav-
ing c-axis alignment, while the directions of a-axes and
b-axes are different between crystal parts, the c-axes are
aligned in a direction parallel to a normal vector of a forma-
tion surface or a normal vector of a top surface. Thus, each
metal atom layer arranged in a layered manner observed in the
cross-sectional TEM image corresponds to a plane parallel to
the a-b plane of the crystal.

Note that the crystal part is formed concurrently with depo-
sition of the CAAC-OS film or is formed through crystalliza-
tion treatment such as heat treatment. As described above, the
c-axis of the crystal is aligned in a direction parallel to a
normal vector of a formation surface or a normal vector of a
top surface. Thus, for example, in the case where a shape of
the CAAC-OS film is changed by etching or the like, the
c-axis might not be necessarily parallel to a normal vector of
a formation surface or a normal vector of a top surface of the
CAAC-OS film.

Further, the degree of crystallinity in the CAAC-OS film is
not necessarily uniform. For example, in the case where crys-
tal growth leading to the CAAC-OS film occurs from the
vicinity of the top surface of the film, the degree of the
crystallinity in the vicinity of the top surface is higher than
that in the vicinity of the formation surface in some cases.
Further, when an impurity is added to the CAAC-OS film, the
crystallinity in a region to which the impurity is added is
changed, and the degree of crystallinity in the CAAC-OS film
varies depending on regions.

Note that when the CAAC-OS film with an InGaZnO,
crystal is analyzed by an out-of-plane method, a peak of 20
may also be observed at around 36°, in addition to the peak of
20 at around 31°. The peak of 20 at around 36° indicates that
a crystal having no c-axis alignment is included in part of the
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CAAC-OS film. It is preferable that in the CAAC-OS film, a
peak of 26 appear at around 31° and a peak of 26 do not appear
at around 36°.

In a transistor using the CAAC-OS film, change in electric
characteristics due to irradiation with visible light or ultra-
violet light is small. Thus, the transistor has high reliability.

Note that an oxide semiconductor film may be a stacked
film including two or more films of an amorphous oxide
semiconductor film, a microcrystalline oxide semiconductor
film, and a CAAC-OS film, for example.

The structures, methods, and the like described in this
embodiment can be combined with any of the structures,
methods, and the like described in the other embodiments as
appropriate.

Embodiment 8

Inthis embodiment, an example of a light-emitting element
which can be used as the light-emitting elements 313 and 417
included in the display device described in the above embodi-
ment is described with reference to FIGS. 14A and 14B.

The light-emitting element shown in FIG. 14A has a struc-
ture in which the EL layer 8450 including a light-emitting
region is interposed between a pair of electrodes (the first
electrode layer 8403 and the second electrode layer 8407).
The first electrode layer 8403 and the second electrode layer
8407 can be used as the first electrode layers 314 and 418 and
the second electrode layers 317 and 421 of the light-emitting
device which is described in the above embodiment.

The EL layer 8450 includes at least a light-emitting layer
and may have a stacked structure including a functional layer
in addition to the light-emitting layer. Examples of the func-
tional layer other than the light-emitting layer include a layer
containing a substance having a high hole-injection property,
asubstance having a high hole-transport property, a substance
having a high electron-transport property, a substance having
a high electron-injection property, a bipolar substance (a sub-
stance having high electron and hole transport properties), or
the like. Specifically, functional layers such as a hole-injec-
tion layer, a hole-transport layer, an electron-transport layer,
and an electron-injection layer can be used in combination as
appropriate.

The light-emitting element 8400 illustrated in FIG. 14A
emits light when current flows because of the potential dif-
ference generated between the first electrode layer 8403 and
the second electrode layer 8407, and holes and electrons are
recombined in the EL layer 8450. That is, the light-emitting
region is formed in the EL layer 8450.

Note that a plurality of EL layers 8450 may be stacked
between the first electrode layer 8403 and the second elec-
trode layer 8407 as illustrated in FIG. 14B. In the case where
n (n is a natural number of 2 or more) layers are stacked, a
charge generation layer 8450a is preferably provided
between each m-th (m is a natural number of from 1 to n-1)
EL layer and each (m+1)-th EL layer.

The charge generation layer 8450a can be formed using a
composite material of an organic compound and a metal
oxide, a metal oxide, or a composite material of an organic
compound and alkali metal, alkaline earth metal, or a com-
pound thereof. Examples of the composite material of an
organic compound and a metal oxide include composite
materials of an organic compound and a metal oxide such as
vanadium oxide, molybdenum oxide, and tungsten oxide. As
the organic compound, various compounds such as an aro-
matic amine compound, a carbazole derivative, aromatic
hydrocarbon, and a high molecular compound (oligomer,
dendrimer, polymer, or the like) can be used. As the organic

10

15

20

25

30

35

40

45

50

55

60

65

36

compound, it is preferable to use the organic compound
which has a hole-transport property and has a hole mobility of
10~ cm?/Vs or higher. However, other substances than the
above described materials may also be used as long as the
substances have higher hole-transport properties than elec-
tron-transport properties. These materials used for the charge
generation layer 84504 are excellent in carrier-injection prop-
erties and carrier-transport properties, so that the light-emit-
ting element shown in FIGS. 14A and 14B can be driven at
low current at low voltage.

Itis to be noted that the charge generation layer 84504 may
be formed with a combination of a composite material of an
organic compound and metal oxide and another material. For
example, a layer containing a composite material of the
organic compound and the metal oxide may be combined
with a layer containing a compound of a substance selected
from substances with an electron-donating property and a
compound with a high electron-transport property. Moreover,
a layer containing a composite material of the organic com-
pound and the metal oxide may be combined with a transpar-
ent conductive film.

As for a light-emitting element having such a structure,
problems such as energy transfer and quenching occur with
difficulty, and a light-emitting element which has both high
light emission efficiency and long lifetime can be easily
obtained due to expansion in the choice of materials. Further,
a light-emitting element which provides phosphorescence
from one of light-emitting layers and fluorescence from the
other of the light-emitting layers can be easily obtained.

The charge generation layer 84504 has a function of inject-
ing holes to one of the EL layers 8450 which is formed in
contact with the charge generation layer 84504 and a function
of injecting electrons to the other of the EL layers 8450 which
is formed in contact with the charge generation layer 8450a,
when a voltage is applied to a first electrode 8403 and a
second electrode 8407.

The light-emitting element 8400 shown in FIG. 14B can
provide a variety of emission colors by changing the type of
the light-emitting substance that is used for the EL. layer 8450.
In addition, a plurality of light-emitting substances of differ-
ent colors is used as the light-emitting substance, whereby
light emission having a broad spectrum or white light emis-
sion can also be obtained.

In the case of obtaining white color light using the light-
emitting element shown in FIG. 14B, as for the combination
of'a plurality of EL layers, a structure for emitting white light
including red light, green light, and blue light may be used,
e.g., the structure may include a first light-emitting layer
containing a blue fluorescent substance as a light-emitting
substance and a second light-emitting layer containing red
and green phosphorescent substances as light-emitting sub-
stances. Alternatively, a structure including a first light-emit-
ting layer exhibiting red light, a second light-emitting layer
exhibiting green light, and a third light-emitting layer exhib-
iting blue light may be employed. Also with a structure
including light-emitting layers emitting light of complemen-
tary colors, white light emission can be obtained. When light
emitted from the first light-emitting layer and light emitted
from the second light-emitting layer have complementary
colors to each other in a stacked-layer element including two
light-emitting layers, the combination of colors are as fol-
lows: blue and yellow, blue-green and red, and the like.

Note that in the structure of the above-described stacked-
layer element, by providing the charge generation layer
between the stacked light-emitting layers, the element can
have long lifetime in a high-luminance region while keeping
the current density low. In addition, the voltage drop due to
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resistance of the electrode material can be reduced, whereby
uniform light emission in a large area is possible.

The structures, methods, and the like described in this
embodiment can be combined with any of the structures,
methods, and the like described in the other embodiments as
appropriate.

Embodiment 9

As examples of electronic appliances including a display
device with flexibility, the following can be given: television
devices (also referred to as televisions or television receivers),
monitors of computers or the like, cameras such as digital
cameras or digital video cameras, digital photo frames,
mobile phones (also referred to as mobile phones or mobile
phone devices), portable game machines, portable informa-
tion terminals, audio reproducing devices, large game
machines such as pachinko machines, and the like.

In addition, a lighting device or a display device can be
incorporated along a curved inside/outside wall surface of a
house or a building or a curved interior/exterior surface of a
car.

In this embodiment, examples of an electronic device or a
lighting device using the display device of one embodiment
of'the present invention are described with reference to FIGS.
15A to 15C and FIGS. 16A to 16C.

FIG. 15A illustrates an example of a mobile phone. A
mobile phone 9400 includes a display portion 9402 incorpo-
rated in a housing 9401, operation buttons 9403, an external
connection port 9404, a speaker 9405, a microphone 9406,
and the like. Note that the mobile phone 9400 is manufactured
using a display device according to one embodiment of the
present invention for the display portion 9402.

In the mobile phone 9400 in FIG. 15A, a touch screen of a
resistive type, a capacitive type, a surface acoustic wave type,
an infrared type, or the like is provided in order to input
formation by touching the display portion 9402 with a finger,
a pen, or the like. Further, operations such as making a call
and inputting text can be performed by touching the display
portion 9402 with a finger or the like.

The power can be turned on or oft by pressing the operation
button 9403. In addition, types of images displayed on the
display portion 9402 can be switched; for example, switching
images from a mail creation screen to a main menu screen.

The display portion 9402 includes a display device accord-
ing to one embodiment of the present invention; thus, a reli-
able mobile phone having a curved display portion can be
provided.

FIG. 15B illustrates an example of a multi-function por-
table information terminal which can be used for various
applications such as a smartphone. A portable information
terminal 9410 is provided with, in addition to a display por-
tion 9412 incorporated in a housing 9411, operation buttons
9413, a speaker 9414, a microphone 9415, an external con-
nection port such as a stereo headphone jack, an insertion port
for a memory card, a camera, and a USB connector. Note that
the portable information terminal 9410 is manufactured using
a light-emitting device formed according to one embodiment
of the present invention for the display portion 9412.

In the portable information terminal 9410 in FIG. 15B, a
touch screen of a resistive type, a capacitive type, or the like
is provided in order to input formation by touching the display
portion 9412 with a finger, a pen, or the like. Further, opera-
tions such as making a call and inputting text can be per-
formed by touching the display portion 9412 with a finger or
the like.
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The power can be turned on or off by pressing the operation
button 9413. In addition, types of images displayed on the
display portion 9412 can be switched; for example, switching
images from a mail creation screen to a main menu screen.

The display portion 9412 includes a display device accord-
ing to one embodiment of the present invention; thus, a reli-
able portable information terminal having a curved display
portion can be provided.

FIG.15C is an example of a wristband-type display device.
A portable display device 9500 includes a housing 9501, a
display portion 9502, an operation button 9503, and a sending
and receiving device 9504.

The portable display device 9500 can receive a video signal
with the sending and receiving device 9504 and can display
the received video on the display portion 9502. In addition,
with the sending and receiving device 9504, the portable
display device 9500 can send an audio signal to another
receiving device.

Power ON/OFF, switching of displayed videos, adjusting
volume, and the like can be performed by pressing the opera-
tion button 9503.

Here, the display portion 9502 includes the display device
of'one embodiment of the present invention. Thus, the mobile
display device can have a curved display portion and high
reliability.

FIGS. 16A to 16C illustrate examples of lighting devices.
Lighting devices 9200, 9210, and 9220 each include a stage
9201 provided with an operation switch 9203 and a light-
emitting portion supported by the stage 9201.

The lighting device 9200 illustrated in FIG. 16A includes a
light-emitting portion 9202 with a wave-shaped light-emit-
ting surface, and thus has an elaborate design.

A light-emitting portion 9212 included in the lighting
device 9210 illustrated in FIG. 16B has two convex-curved
light-emitting portions symmetrically placed. Thus, light
radiates from the lighting device 9210.

The lighting device 9220 illustrated in FIG. 16C includes a
concave-curved light-emitting portion 9222. This is suitable
for illuminating a specific range because light emitted from
the light-emitting portion 9222 is collected to the front of the
lighting device 9220.

The light-emitting portion included in each of the lighting
devices 9200, 9210, and 9220 are flexible; thus, the light-
emitting portion may be fixed on a plastic member, a movable
frame, or the like so that an emission surface of the light-
emitting portion can be bent freely depending on the intended
use.

Here, the light-emitting portions 9202, 9212, and 9222
each include the light-emitting device of one embodiment of
the present invention using the light-emitting element as the
display element. Thus, the lighting devices can have curved
light-emitting portions and high reliability.

As described above, when the display device which is one
embodiment of the present invention is used, an electronic
device and a lighting device which are thin and lightweight
and has high flexibility, impact resistance, and reliability can
be provided.

The structures, methods, and the like described in this
embodiment can be combined with any of the structures,
methods, and the like described in the other embodiments as
appropriate.

This application is based on Japanese Patent Application
serial no. 2012-188057 filed with Japan Patent Office on Aug.
28,2012, the entire contents of which are hereby incorporated
by reference.
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What is claimed is:

1. A display device comprising:

a first flexible substrate and a second flexible substrate;

an insulating film over the first flexible substrate;

a first continuous sealant between the insulating film and

the second flexible substrate; and

asecond sealant between the insulating film and the second

flexible substrate, the second sealant surrounding the
first sealant,

wherein the first continuous sealant comprises glass,

wherein the second sealant comprises a first member and a

second member,

wherein the first member is in contact with a side surface of

the first flexible substrate and a side surface of the sec-
ond flexible substrate,

wherein a side surface of the second member is in contact

with the first member, and

wherein a bottom surface of the second member is in con-

tact with a top surface of the insulating film.

2. The display device according to claim 1, wherein the first
member comprises a resin material or glass.

3. The display device according to claim 1, wherein the first
member comprises a resin material.

4. The display device according to claim 1, wherein the
second member comprises a metal material.

5. An electronic appliance comprising the display device
according to claim 1.

6. The display device according to claim 1, the display
device further comprises a transistor comprising an oxide
semiconductor layer over the first flexible substrate,

wherein the oxide semiconductor layer comprises at least

one of indium, gallium, and zinc.

7. The display device according to claim 1, the display
device further comprises a transistor comprising an oxide
semiconductor layer over the first flexible substrate,

wherein the transistor comprising an AlOx layer over the

oxide semiconductor layer.
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8. A display device comprising:

a first flexible substrate and a second flexible substrate;

an insulating film over and in contact with the first flexible

substrate;

a first continuous sealant between the first flexible sub-

strate and the second flexible substrate; and

a second sealant between the first flexible substrate and the

second flexible substrate, the second sealant surround-
ing the first continuous sealant,

wherein the first continuous sealant and the second sealant

are in contact with the insulating film,

wherein the first continuous sealant comprises glass,

wherein the second sealant comprises a first member and a

second member,

wherein the first member is in contact with a side surface of

the first flexible substrate and a side surface of the sec-
ond flexible substrate,

wherein a side surface of the second member is in contact

with the first member, and

wherein a bottom surface of the second member is in con-

tact with a top surface of the insulating film.

9. The display device according to claim 8, wherein the first
member comprises a resin material or glass.

10. The display device according to claim 8, wherein the
first member comprises a resin material.

11. The display device according to claim 8, wherein the
second member comprises a metal material.

12. An electronic appliance comprising the display device
according to claim 8.

13. The display device according to claim 8, the display
device further comprises a transistor comprising an oxide
semiconductor layer over the first flexible substrate,

wherein the oxide semiconductor layer comprises at least

one of indium, gallium, and zinc.

14. The display device according to claim 8, the display
device further comprises a transistor comprising an oxide
semiconductor layer over the first flexible substrate,

wherein the transistor comprising an AlOx layer over the

oxide semiconductor layer.
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